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I SUMMARY
The Wyoming Water Development Commission (WWDC) is required by W.S. 41-3-1004(a) to

evaluate the capability of two instream flow segments on Clear Creek near Buffalo, Wyoming, to
provide unappropriated direct flows necessary to meet the Wyoming Game and Fish Department
(WGFD) instream flow request. The following table describes these segments:

Table 1 — Instream Flow Requests

cg

Clear Creck No. 1
28 5/302

Buffalo Wat61 Wagon
Pipeline Diversion SE

Sec. 6, TS0N, R§2W

NW Sec. 10, T50N, 4.9 79 40 30
R83W
Clear Creek No, 2 750" downstream USGS
28 6/302 (Gage 06318500, SE NW 32 6.0 40 25

JFC Engineers & Surveyors (JFC) of Rock Springs, Wyoming, was contracted by the WWDC to
investigate the above instream flow segments. This is a report of that investigation. The
investigation of the instream flow request includes an evaluation of Mean Monthly Flows, Dry
Year Flows, Driest Month Flows, and Shortages and Excess Flows including a reservoir

operations storage table, The results of the investigation are summarized in the following

sections.
Table 2 — Direct Flow Requests in CFS

Ségment | Oct | Nov | Dec| Tan | Feb I Mar | FApr: | May. | Jun |0 Jul {0 Audg | Sep.
Clear Creck |50 | 79 | 70 |70 ] 79 | 79 | 40 | 40 | 40 | 30 | 30 | 30
No. 1

Clear Creck 6 6 6 6 | 6 6 40 | 40 | 40 | 25 | 25 | 25
No. 2

ater Rights)

Table 3 - Direct Flow Excess/Shortages () in CFS (Includes AIl W

Clear' Creel | o
: ‘Nov

Mean | 22.68 | 1476 | 9.57 6.34 5.58 7.69 -40.00 | 69.94 [ 202.03 | 55.70 | -30.00 § -30.00
Driest Year | 0.79 1.92 | -0.08 -0.67 (.39 0.38 -44.00 0.50 | 2879 | -20.7% | -30.00 | -30.00

Driest Month | 0.21

Clear Creek |

Mean | 17,90

Driest Year | -4.25

Driest Month | -4.85

fraj\dala\6048amatce 2005\¢c2005-\final rpt clear creek crg.doc 1



Table 4 — Direct Flow Exceedance Values by Percentage

Segment | oct | Nov | Dec b ran | Feb | Ma
Clear Creek No. 1 97 98 86 88 94 79

8
Clear Creek No. 2 87 79 56 53 61 91 67 6 2
(Bold Figures - Direct Flow Exceedance Values Below 50%)

A vicinity map illustrating the general location of the instream flow segments is shown in Figure
1 on the following page.

lIl.  WATER RIGHTS

Water rights and reservoir permits upstream from the downstream end of all segments were
analyzed to determine their effect on streamflow in the instream flow segment.

A, Water Rights Filed

A database of water rights information, including Wyoming water rights and permits located
upstream from the downstream end of the flow segments and above the Clear Creek Gage, are
shown in Appendix A. The water rights above the Clear Creek Segments and gage were

previously requested from the SEO by WWDC and were obtained on computer disk from
WWDC,

L. FLOW RECORDS
A. Streamflow Records

Streamflow records used for the various analyses are from the following USGS gaging station
identified in Table 5.

Table 5 — Gaging Stations

Re

Clear Creek Gage 06318500 Near Buffalo 121.21 1939-1992

Hydrologic data was obtained through Hydrodata, USGS Daily and Peak Values (CD-ROM,
from Hydrosphere Data Products, Inc., Boulder, CO) and off of the USGS website for daily
streamflow information. The gage used in the analysis to document the historic streamflow for
Clear Creek Segment Nos. 1 and 2 was the Clear Creek Gage No. 06318500.

The historic monthly flow records from 1939 to 1989 (1917 to 1927 not shown) for this USGS
Clear Creek Gage No. 06318500 are contained in Appendix B.

fraj\date\6049amaicc 2005\cc2006-r\inal rpt clear creek crg.doc 2
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Since many of the permitted water rights occur after 1927, the gage data from 1917 to 1927 was
not used in the analysis of virgin flow. The flow data from 1939 through 1989 was used (pre-Tie
Hack Reservoir) in the analysis which encompassed 51 years of data.

B. Ditch Flow Records

Extensive ditch flow records in the area of the Clear Creck Segments were obtained from
Wyoming State Water Division No. 2. The ditch flow records span the years 1980 through 1992.
Five ditches have established measurements and include several of the water rights within the
Clear Creek System. These ditches are the Johnson County Ditch, the McNeese Ditch, the
Brown and Foster Ditch, the Snider No. 4 Ditch, and the Four Lakes and French Creek Ditch.
These ditch flow records were used to establish percentage of water used within the stream
system and were used to obtain virgin flows. These ditch flow records are presented in Appendix
C.

IV. HYDROLOGY

A. General

The objective of the hydrologic analysis is to develop streamflow data to determine if the
instream flow request can be met from unappropriated flow for the periods described in Section
L. The downstream ends of the segments were selected by the WGFD as the point of
measurement. Schematic diagrams illustrating the relative locations of the gaging stations,
tributaries, and the proposed instream flow segments are shown in Figure 2 on the following
page. Exhibit 1 shows each instream flow segments’ drainage area.

B. Diversion Analysis

An overall diversion analysis was performed on Clear Creek Gage No. 06318500 to determine
virgin flows at the gage location. To do this, several steps were undertaken to get yearly virgin
flows at the Clear Creek Gage and are described in the following sections.

Clear Creek Gage No. 06318500 was affected by irrigation flows upstream from the gage
location. The gage location is also the downstream end of Clear Creek Segment No. 2. As
stated above, Clear Creek gage flow data from 1939 to 1989 was used so that virgin flows at the
gage could be generated for these years. No water rights filed after 1989 or Tie-Hack reservoir
rights were used in the analysis. The virgin flows were established at the gage then used to
generate the monthly and daily flows at the downstream end of each segment.

To determine the amount of water rights reflected in the gage data, a percentage of water rights

actually in use were determined. To do this, an amount of filed water right (amount permitted)
was established for each of the five ditches which had flow information and described as follows:

fraj\data\6048amaice 200Hcc2005-r\inal rpt clear creek ¢rg.doc 4
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A weighted average using all of the above ditches was determined to produce an overall

Table 6 — Ditches in Use and Associated Water Right

cfs/70a¢res

Johnson County 1.80 cfs
McNeese 1.43 cfs
Brown and Foster 2.78 cfs
Snider #4 1.05 cfs
Four Lakes & French Creek 59.33 cfy
Total Water Rights 66.39 cfs

Avg. Water Rights

66.39/5=13.278 cfs

percentage of water rights used during each month of the irrigation season and are shown in the

following tables.

Table 7 — Obtain Actual Average Flow Using Existing Flow Data

Actual
Flow (ofs) 4.90 3.57 0
Ma Years of 6 7 0 5 4 22 1120
Y Data )
Actual x 29.4 24.99 0 24,75 169.28 248.42
Years
Actual 4.80 3.62 3.06 | 4.99 60.82
Flow (cfs)
June | Yearsof 9 7 5 9 7 37 14.99
Data
Actualx |45 25.34 153 | 44.91 425.74 554.49
Years
Actual
Flow (cfs) | &5 1.98 341 422 55.03
Years of
July Data 9 5 4 10 il 39 18.27
Actualx |4y g 9.9 13.64 | 4220 605.66 712.53
Years
Actual
Flow (ofs) 3.17 111 3.35 2.98 31.80
| Years of
August Data 7 5 4 9 12 37 12.15
Actualx 1 5 19 5.55 134 | 26.82 381.6 449 56
Years
6
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Actual
Flow (cfs) 2.37
_— Years of
Sept. Data 3 1 1 8 11 24 13.03
Actual x|, 1y 1,76 46 | 25.92 277.42 312.67
Years

Table 8 — Percent of Filed Water Rights Used — Monthly Average (%)

CoMonth 0 Avg. Actual Flow (cfs iper Right Elow (¢fs ctual/Paper Right (%)
May 11.29 13.278 85
June 14.99 13.27§ 113
July 18.27 13.278 1318
August 12.15 13.278 92
September 13.03 13.278 93

Applying the monthly percentages from Table 8 to all water rights above the Clear Creck Gage
was how total return flows were determined (see Appendix D). With this data, return flows were
added to the gage data. The return flows, depletions and diversions are summarized in Appendix
D. This resulted in virgin flow at the gage.

In the analysis, irrigation diversion rights were applied during the months of April through
September. April was assumed to have the same percentage of water rights used as in May.
Return flows were applied during the same months with a return flow factor of 0,50, Municipal
diversion rights were applied throughout the year. Return flows were applied for municipal use
with a return flow factor of 0 of the diversion amount because the return flow occurs below the
segment. One hundred percent (100%) of the municipal right was used for these analyses based
on the assumption that the municipality would require the permitted amount. Reservoir rights
were stored in April through June and released in July through September. Return flows were
applied for storage use with a return flow factor of 1.00. The factors were based on the
consumptive use values presented in WWRC Publication #92 — 06.

This percentage of use from Table 8 was then applied to all water rights filed in the State
Engineer's Office and are shown in Appendix D.

Based on the historic diversions and water rights used, a depletion analysis was performed and
shown in Appendix D. The return flows shown in Appendix D were then applied to the gage
data in Appendix B and shown in Tables 12 and 3. Virgin flows for Segments 1 and 2 are
shown in Tables 12 and 13.

fraj \dala\6049amalcc 2008\cc2005-rfinal rpt clear creek crg.doc 7



‘The analysis shows virgin {flow amounts based on the system without Tie Hack Reservoir (years
1939 through 1989). Data from the Tie Hack Reservoir could only be collected for the years
2002 and 2003. This data was taken over two extremely dry years. The data for the two years
also vary a considerable amount. Table 9 shows the monthly discharge averages for the two

years.

Table 9 — Tie Hack Discharge Flow Data

5.27 5.00 | 579 [ 43.62 | 6645 | 23.62 | 16.57
3.78 447 | 22.56] 103.25 | 9940 | 3948 | 19.65 | 19.62 | 12.76 | 8350 6.60

C. Determination of Natural Flows

Regression equation techniques were applied to generate estimated monthly streamflow data at
the downstream end of the instream flow segments using the approach described by
"Streamflows in Wyoming," USGS, Water Resources Investigation Report 99-4405 (Lowham,
1988). These equations were based on gaged streams and may be applied to ungaged streams.
The equations can be used with arca-clevation data, altitude-runoff data, and/or precipitation

data.

A three-dimensional AutoCAD drawing of 1:24,000 topographic mapping was used to measure
drainage areas and determine average elevations as shown in Table 10. The drainage area and
average elevation of the basin are measured above the downstream end of each segment.

Since the Clear Creek Gage and Segments fall in the Mountainous Region, Lowham's (1988)
method of figuring annual flows for a Mountainous Region was used. To use the Mountainous
Region regression equation, an average elevation of the drainage arca was determined by equally
spaced intersecting points.
The following Mountainous Region regression equation was used:

Qa=0.0015 A" (Elev/1000)~*

Qa = Average Annual Streamflow (cfs)

Elev = Average Basin Elevation (ft)

A = Drainage Basin Area (square miles)

Table 10 — Lowham's Average Annual Flow

..:,(:Bo_ttom--of_ Seéoment
Clear Creek

(Segment No. 1) 8872 113.90 96.27

Clear Creek Gage

(Segment No. 2) 8717 121.21 97.44
8
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D. Translating the Data

The spatial relationships between the gage and the instream flow segments are shown in Exhibit
[ of this report. Since the instream flows are to be evaluated at the downstream ends of the
segments, a data set was synthesized for these locations.

Synthetic average annual flows for the downstream point of the flow segments were computed
using the streamflow method described above. These flows are shown in Table 11.

Table 11 — Ratios between Lowham’s Values @ Segments 1 and 2

- Segment C egmen
0.988 Clear Creek
Clear Creek 96.27 No. 1/ 126.99 55.27
(Segment No. 1) Clear Creek No. 2
1.00 Clear Creek
Clear Creck 97 .44 No. 2/ 128.53 55.94
(Segment No. 2) Clear Creek No. 2

Adjusted flow data at the downstream end of Clear Creek Segment No. 1 was generated by
multiplying the adjusted annual average flow data for the downstream end of Segment No. 2 by
0.988, which is the ratio of the Lowham’s Annual Average flow (96.27/97.44)=0.988. This
equals the adjusted annual Average flow for Segment No. [.

128.53 x (.988 = 126.99 (Table 11)

Since water rights affect the availability of water for the instream flow right at the downstiream
ends of the instream flow segments, the virgin flows developed from the ratios shown in Table
10 were then adjusted (reduced) by the firigation depletions. The following section explains how
these depletions were derived. These adjusted flows were then used in the mean monthly flow,
driest year flow, and driest month analyses to determine availability of water for the instream
flow right.

E. Comparison of Natural Flows to Gage Data

Table 12 shows the adjustment that was made to derive the virgin flows at the instream flow
Segment 1 from the virgin flows at the gage. The instream flow Segment 2 was not adjusted as
seen in Table 12, since the segment ends at the gage location.

The gage data is used from the years 1939-1989. These dates precede Tie-Iack Reservoir;

therefore, the gage was not affected by the reservoir. The ratio of 0.988 (96.27 divided by 97.44)
was used to translate the adjusted gage flow of 128.53 to the downstream end of Segment No. 1

fraj:\data\6049amaice 2008\cc2008-r\inal rpf clear creek crg.doc 9



with a resulted synthesized average annual flow of 114.33 cfs at Segment No. 1. These are the
flows used in the analysis.

Depletions from Appendix D were taken away from the instream flow segments in Tables 14 and
15 to determine the available unappropriated flows at the end of each segment. These depletions
are derived assuming available water at the time of the instream flow right filing.

F. Monthly Streamflow Data

The adjustment ratios described above were applied to the monthly data as shown in Tables 14
and 15 and approximate the monthly streamflow data for the downstream end of each of the
flow segments. The average year, dry year, and dry month comparisons use this data.

G. Daily Streamflow Data

The daily exceedance analysis used adjusted daily Clear Creek Gage Data. The virgin daily data
was generated using daily adjusted virgin flow gage data and multiplying it by the adjustment
ratios shown in Table 11.

fraj\data\6049amatce 2008\cc2005-\inal rpt clear creek crg.doc 1 O



Table 12 - Segment 2 Virgin Flows Derived from Virgin Flows at Gage (cfs)

Jan Feh Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Located at boftom of Segment
MNo. 2 7.37 6.680 8.73 32.55 152.55 236.61 104.68 41.89 29.86 23.80 15.89 10.63
Actual Depletions(cfs) 12.50 12.50 12.60 173.62 173.62 22327 G1.64 65.26 68.70 12.50 12.50 12,50
Clear Creek Virgin Flows 19.87 19.10 21.23 20618 32618 48948 196,32 107.15 98.56 36.40 28.39 2313
Adjustment Factor(19.87 X 0) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 G.60 0.00 Q.00 0.00
Mean Monthly 19.87 19.10 21.23 20618 32618 455.88 196.32 107.15 G8.56 36.40 28,38 23.13
yearly avg  128.53
Driest Yr Adjusled{Jun'54-May'55) 12.76 13.05 13.83 185.51 254.88  284.53 118.90 68.91 G9.17 14.25 15.39 13.36
Driest Months 12.76 13.05 13.49 179.43 23581 284,53 118.90 68.91 69.17 13.65 13.54 12.85
Table 13 - Segment 1 Virgin Flows Derived from Virgin Flows at Gage (cfs)
Jan Feb Mar Apr May Jun Jud Aug Sep Qct Nov Dec
Segment 2 Virgin flows 19.87 19.10 21.23 206.18 326.18  459.88 196.32 107.15 98.56 36.40 28.39 23.13
Adjustment Factor{12.87 X .012) 0.24 0.23 0.25 2.47 3.91 5.52 2.36 1.29 1.18 0.44 (.34 0.28
Mean Monthly 19.63 18.87 20.87 203.70 322.26  454.36 163.97 105.87 97.38 35.96 28.05 22.85
vearly avg  126.9%
Driesl Yr Adjusted{Jun’se-biay 55} 12.61 12.88 13.68 183.28 251.82 28112 117.47 68.08 £8.34 14.08 15.20 13.20
Driest Months 12.61 12.89 13.33 177.27 233.08 281.12 117.47 68.08 68.24 13.49 13.37 12.70

Tabtle 14 - Available Unappropriated Flows at the End of Segment 2 in CFS from Applying the Adjustment Factor

and Subtracting Depletions from Segment 2

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Clear Creek (Segment 2)
Using 1 cfs/70 acres for irvigation diversion
Gage Average Year 19.87 19.10 21.23 206.18  326.18  4859.88  196.32 107.15 98.56 36.40 28.38 23.13
Depletions (1cis/70acre for irigation} 12.50 12.50 12.50 199.02 189.02  199.02 69.85 69.85 69.85 12.50 12.50 12.50
Available 7.37 6.60 8.73 7.16 127.16 26086  126.47 37.30 287 23.90 15.8% 10.63
Additional 1 cfs/70 acres for irrigation diversion after 1st Tofs/T0acres for irvigation diversion has been met
Available alter 1st tefs/70 ac ¥.37 6.60 8.73 7.16 127.16 26086  126.47 37.30 28.71 23.90 15.89 10.63
subtract additional .5{1cfs/70 ac) 58.35 58.35 58.35 58.35 58.35 58.35
Avzilable 7.37 6.60 873 -51.1% 68.81 202.5% 68.12 -21.05 -29.64 23.90 15.89 10.63
Driest Yr Adjusted{Jun'4-bay'55) 12.76 13.05 13.83 185.51 25488  Z2B453  118.90 58.91 6817 14.25 15.32 13.36
Deplelions{1efs/70acre for inigation) 12.50 12.50 12.50 199.02 19802 19902 69.85 69.85 69.85 12.50 12.50 12.50
Available 0.26 0.55 1.33 -13.51 55.86 85.51 49.05 -0.94 (.68 1.75 2.89 .86
Additional 1 ¢fs/70 acres for irrigation diversion after 1st 1cfs/70acres for irrigation diversion has been met
Available after 1st 1cfs/70 ac .26 0.55 1.33 -13.51 55.86 85.51 49.05 -0.94 -0.68 175 2.89 (.86
subiract additional .5{1cfs/70 ac} 0.00 58.35 58.35 0.00 0.00 0.00
Available .26 0.55 1.33 -13.51 -2.48 2716 49.05 -0.94 -0.68 1.75 2.89 0.86
Driest Months 12.76 13.06 13.49 17943 23591 28453  118.90 658.91 69.17 3.65 13.54 12.85
Depletions (1cfs/70acre for inrigation) 12.50 12.50 12.50 199.02 199.02 18802 69.85 69.85 59.85 2.50 12.50 12.50
Available 0.28 0.55 0.9 -19.59 36.90 85.51 43.05 -0.94 -0.68 1.15 1.04 0.35
Additional 1 cfs/70 acres for irrigation diversion after 1st 1cfs/70acres for irrigation diversion has been met
Available afler 1st 1cfsf/70 ac 0.26 0.55 0.9 -19.59 36.90 85.51 48,05 -0.94 -0.68 1.15 1.04 0.35
subtract additional .5{1cfs/70 ac) 0.00 58.35 58.36- .60 0.60 0.00
Available 0.26 0.55 5,89 -19.5% -21.45 27.18 49.05 -0.94 -0.68 1.5 1.04 0.35
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Table 15 - Available Unappropriated Flows at the End of Segment 1 in CFS from Applying the Adjustment Factor
and Subtracting Depletions from Segment 1

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Clear Creek (Segment 1) Adjusted by Lowhany's ratio for instream flow segment .988 X Clear Creck Gage Alter Depletions Were Added In
(age Average Year 19.63 18.87 2097  203.7C 32226 45436 19397  105.87  97.38 35.96 28.05 22.85
Depletions {1sfsf70acre for ifrigation) 5.39 5,39 5.3% 160.88  1680.88 160.88  56.82 56,82 56.82 5.39 5.39 5.38
Available 14,24 13.48 15.59 42.82 161.38 20347  137.14 49.04 40.55 30.58 22.86 17.47
Additional T ¢fs/70 acres for irrigation diversion after 15t 1cfs/70acres for irrigation diversion has been met
Available after 1st 1efsf70 ac 14.24 13.48 15.58 42.82 161,38  293.47 137.14 49,04 40.55 30.58 22.66 17.47
subtract additional .5{1cfs/70 ac) 51.44 51.44 51.44 51.44 51.44 51.44
Available 14.24 13.48 15.59 -8.62 100.94 242,03 85.70 -2.40 -10.89 30.58 22.66 17.47
Driest Yr Adjusted{Jun'54-May'55) 12.61 12.89 13.66 183.28 25182  281.12 117.47 68.08 G8.34 14.08 15.20 13.20
Depletions (1cfstrdacre for irigation) 5.39 530 5.39 160.88  160.88 160.88 56.82 56.82 56.82 5.39 5.39 5.38
Available 7.23 7.51 8.28 22.40 80.94 120.23 6065 11.26 11.62 8.69 9.82 7.82
Additional 1 ofs/70 acres for irrigation diversion after 15t Tcfs/T0acres for irrigation diversion has been met
Available afler 15t 1¢fs/70 ac 7.23 7.51 5.28 22.40 90.94 120.23 60.65 11,26 11.52 8.69 9.82 7.82
subtract addilional .5{1¢cfs/70 ac) 51.44 51.44 51.44 51,44 51.44 51.44
Available 7.23 7.51 8.28 +29.04 39.50 68.79 9.21 -40.18 -39.92 B.69 9.82 7.82
Driest Months 12.61 12.89 13.33 17727 23308 28112 117.47 65.08 68,34 13.49 13.37 12.70
Depletions{icfs/70acre for irigation) 5.39 5.39 5.39 160.88  160.88 160.88 56.82 56.82 56.82 5.39 5.39 5.39
Available 7.23 7.51 7.94 16.39 72.20 120.23 60.65 11.26 11.52 8.11 ¥.99 7.32
Additional 1 efs/7¢ acres for irrigation diversion after 1st Tofs/70acres for irrigation diversion has been met
Avaitable after 1st 1¢fs/70 ac 7.23 7.51 7.94 16.39 72.20 120.23 60.65 11.26 11.52 8.1 7.89 7.32
subtract addilional .5{1cfs/70 ac) 51.44 51.44 51.44 51.44 51.44 51.44
Available 7.23 7.51 7.94 -35.05 20,76 68.79 9.1 -40.18 -39.92 8.11 7.99 7.32
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V. FLOW ANALYSIS

The flow analysis is shown in the following tables and figures. In the tables, the requested
instream flow is subtracted from the mean monthly, driest year, and driest month flows to
determine the difference. The difference (positive or negative) determines if there is enough
available flow for the instream flow request.

A. Clear Creek No. 1

1. Mean Monthly Flows
A comparison of the estimated total mean monthly flows with the flows requested for Clear

Creek No. 1 by the WGFD is shown in Table 16.

The mean monthly flow values are for the period of 1939 to 1989 and are synthesized from the
gage data. The row labeled "difference" shows the difference between the WGFD instream flow
request and the mean monthly flow. The relationship between mean monthly flows and the
requested amount is also shown in Figure 3. Table 16 shows that the instream flow request is
met under mean monthly flow conditions except in the months of April, August and September.

2. Driest Year Flows

A dry consecutive 12-month analysis was performed on the instream flow segment data to
determine if the stream is capable of providing the instream flow requests during a dry 12-month
period. The driest 12 consecutive months on record are from June 1954 to May 1955. Table 17
shows a comparison of the driest 12 consecutive months fo the instream flow request.

Figure 4 and Table [7 show that for Clear Creek No. 1, for the 12 driest consecutive months on
record, the instream flow requests are met for the months of March, June, October, and
November.

3. Driest Month Flows

A driest months on record analysis was performed on the instream flow segment data to
determine if the stream is capable of providing the instream flow requests during the driest
months on record. Table 18 shows a comparison of the driest months to the instream flow
request.

Figure 5 and Table 8 show that for Clear Creek No. 1, for the driest months on record, the
instream flow requests are met in the months of March, June, October, and November.

4. Flow Shortage and Storage Analysis

Tables 19 and 21 analyze the flow shortage and storage analyses based on the average flows and
the filling of a reservoir during an average year. Tables 20 and 22 show the flow shortage and
storage analyscs during the driest year. During the average year, the annual shortage of water is
2,002 acre-feet (Table 19). This amount is rounded up approximately 150 acre-feet due to
evaporation and seepage to approximately 2,200 acre-feet. During a dry year, Table 22, the flow
shortage cannot be met. During the average year storage analysis, Table 21, the reservoir would
fill in one year to the needed 2,200 acre-feet capacity.

fraj data\6049ama‘ce 2005\cc2005-inal rpt clear creek crg.doc 1 3



Table 16 - Clear Creek No. 1 - Average Monthly Unappro|

riated Flows

Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean Monthly Flows 14.24 13.48 15.59 0.00 109.94 242.03 85.70 0.00 0.00 30.58 22.66 17.47
Requested Flow 7.90 7.90 7.90 40.00 40.00 40.00 30.00 30.00 30.00 7.90 7.90 7.90
Difference 6.34 5.58 7.69 -40.00 69.94 202.03 56.70 -30.00 -30.00 22.68 14.76 9.57
Figur
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Table 17 - Clear Creek No. 1 - Driest Year Unappropriated Flows
Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Driest Year Flows 7.23 7.51 8.28 0.00 39.50 68.79 9.21 0.00 0.00 8.69 9.82 7.82
Requested Flow 7.90 7.90 7.90 40.00 40.00 40.00 30.00 30.00 30.00 7.90 7.90 7.90
Difference -0.67 -0.39 0.38 -40.00 -0.50 28.79 -20.79 -30.00 -30.00 0.79 1.92 -0.08
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Table 18 - Clear Creek No. 1 - Driest Month Unappropriated Flows
Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Driest Month Flows 7.23 7.51 7.94 0.00 20.76 68.79 9.21 0.00 0.00 8.11 7.99 7.32
Requested Flow 7.90 7.90 7.90 40.00 40.00 40.00 30.00 30.00 30.00 7.90 7.90 7.90
Difference -0.67 -0.39 0.04 -40.00 -19.24 28.79 -20.79 -30.00 -30.00 0.21 0.09 -0.58
80 - __Figure5
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Table 19 - Clear Creek No. 1 - Average Year Unappropriated Flow Shortages

Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean Monthly Flows 14.24 13.48 15.59 0.00 109.94 242.03 85.70 0.00 0.00 30.58 22.66 17.47
Requested Flow 7.90 7.90 7.90 40.00 40.00 40.00 30.00 30.00 30.00 7.90 7.90 7.90
Difference 6.34 5.58 7.69 -40.00 69.94 202.03 55.70 -30.00 -30.00 22.68 14.76 9.57
Average year flow
Excess{ac-ft) 390.04 310.16 472.66 0.00 4,300.33] 12,021.84| 3,424.96 0.00 0.00] 1,394.29 878.29 588.20
Deficit{Ac-ft) 0.00 0.00 0.00] _-2.380.17 0.00 0.00 0.00] -184463] 178512 0.00 0.00 0.00
Target storage
Table 20 - Clear Creek No. 1 - Driest Year Unappropriated Flow Shortages
Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Driest Month Flows 7.23 7.51 7.94 0.00 20.76 68.79 9.21 0.00 0.00 8.11 7.99 7.32
Requested Flow 7.90 7.90 7.90 40.00 40.00 40.00 30.00 30.00 30.00 7.90 7.90 7.90
Difference -0.67 -0.39 0.04 -40.00 -19.24 28.79 -20.79 -30.00 -30.00 0.21 0.09 -0.58
Driest Month Flow
Excess (Ac-ft) 0.00 0.00 2.47 0.00 0.00f 1,713.41 0.00 0.00 0.00 12.67 5.31 0.00
Deficit{Ac-ft) -41.42 21.75 0.00] -2,380.17] -1,183.03 0.00] -1,278.40] _ -1,844.63] -1.785.12 0.00 0.00 -35.93
Target storage
Table 21 - Clear Creek No. 1 - Average Year Unappropriated Storage Analysis
Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Excess or Deficit(ac-ft) 390.04 310.16 472.66) -2,380.17 4,300.33] 12,021.84| 3,424.96 -1,844.63 -1,785.12] 1,394.29 8§78.29 588.20
Reservoir Operation (acre-ft)
First Year|  390.04 700.19] 1,172.86 0.00 4,300.33] 6,200.00] 6,200.00 4,355.37 2,570.25| 3,964.53| 4,842.83 5,431.02
Reservoir Operation (acre-ft)
Subseq Years| 5.821.06] 6,131.22| 6,200.00f 3,819.83 6,200.00] 6,200.00 6,200.00 4,355.37 2,570.25| 3,964.53] 4.842.83 5,431.02
Table 22 -Clear Creek No. 1 - Driest Year Unappropriated Storage Analysis
Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Excess or Deficit(Ac-ft) -41.42 -21.75 247 -2.380.17] -1.183.03] 1,713.41] -1.278.40 -1,844.63 -1,785.12 12.67 5.31 -35.93
Reservoir Operation{Ac-ft)
1st Year 0.00 0.00 2.47 0.00 0.00 1.713.41 435.01 0.00 0.00 12.67 17.97 0.00
Reservoir Operation(Ac-ft)
2nd 0.00 0.00 2.47 0.00 0.00]  1.713.41 435.01 0.00 0.00 12.67 17.97 0.00
Figure 6 - Clear Creek #1
Average Year Shortages and Unappropriated Direct Flow
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B. Clear Creek No. 2

1. Mean Monthly Flows
A comparison of the estimated total mean monthly flows with the flows requested for Clear
Creek No. 2 by the WGFD is shown in Table 23.

The mean monthly flow values are for the period 1937 to 1989 and are synthesized from the gage
data. The row labeled "difference" shows the difference between the WGFD instream flow
request and the mean monthly flow, The relationship between mean monthly flows and the
requested amount is also shown in Figure 6,

Figure 7 and Table 23 shows that for all months the instream flow request is met under mean
monthly flow conditions for all months except April, August, and September.

2. Driest Year Flows

A dry consecutive 12-month analysis was performed on the instream flow segment data to
determine if the stream is capable of providing the instream flow requests during a dry 12~-month
period. The driest 12 consecutive months on record are from June 1954 to May 1955, Table 24
shows a comparison of the driest 12 consecutive months to the instream flow request.

Figure 8 and Table 24 show that for Clear Creek No. 2, for the 12 driest consecutive months on
record, the instream flow requests are met in July.

3. Driest Month Flows

A driest months on record analysis was performed on the instream flow segment data to
determine if the stream is capable of providing the instream flow requests during the driest
months on record. Table 25 shows a comparison of the driest months to the WGFD flow request.

Figure 9 and Table 25 show that for Clear Creek No. 2, for the driest months on record, the
instream flow requests are met in July.

4. Flow Shortage and Storage Analysis

Tables 26 and 28 analyze the flow shortage and storage analyses based on the average flows and
the filling of a reservoir during an average year. Tables 27 and 29 show the flow shortage and
storage analyses during the driest year. During the average year, the annual shortage of water is
1,865 acre-feet (Table 26). This amount is rounded up approximately 150 acre-feet due to
evaporation and seepage to approximately 2,000 acre-feet. During a dry year, Table 29, the flow
shortage cannot be met. During the average year storage analysis, Table 28, the reservoir would
fill in one year to the needed 2,000 acre-feet capacity.
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Table 23 - Clear Creek No. 2 - Average Monthly Unappropriated Flows
Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean Monthly Flows 7.37 6.60 8.73 0.00 68.81 202.51 68.12 0.00 0.00 23.90 15.89 10.63
Requested Flow 6.00 6.00 6.00 40.00 40.00 40.00 25.00 25.00 25.00 6.00 6.00 6.00
Difference 1.37 0.60 2.73 -40.00 28.81 162.51 43.12 -25.00 -25.00 17.90 9.89 4.63
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Table 24 - Clear Creek No. 2 - Driest Year Unappropriated Flows
Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Driest Year Flows 0.26 0.55 1.33 0.00 0.00 27.16 49.05 0.00 0.00 1.75 2.89 0.86
Requested Flow 6.00 6.00 6.00 40.00 40.00 40.00 25.00 25.00 25.00 6.00 6.00 6.00
Difference -5.74 -5.45 -4.67 -40.00 -40.00 -12.84 24.05 -25.00 -25.00 -4.25 -3.11 -5.14
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Table 25- Clear Creek No. 2 - Driest Month Unappropriated Flows

Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Driest Month Flows 0.26 0.55 0.99 0.00 0.00 27.16 49.05 0.00 0.00 1.15 1.04 0.35
Requested Flow 6.00 6.00 6.00 40.00 40.00 40.00 25.00 25.00 25.00 6.00 6.00 6.00
Difference -5.74 -5.45 -5.01 -40.00 -40.00 -12.84 24.05 -25.00 -25.00 -4.85 -4.96 -5.65
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Table 26 - Clear Creek No. 2 - Average Year Unappropriated Flow Shortages
Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean Monthly Flows 7.37 6.60 8.73 0.00 68.81 202.51 68.12 0.00 0.00 23.90 15.89 10.63
Requested Flow 6.00 6.00 6.00 40.00 40.00 40.00 25.00 25.00 25.00 6.00 6.00 6.00
Difference 1.37 0.60 2.73 -40.00 28.81 162.51 4312 -25.00 -25.00 17.90 9.89 4.63
Average year flow
Excess(ac-ft) 84.04 33.26 167.67 0.00f 1,771.29| 9,669.85| 2,651.50 0.00 0.00] 1,100.48 588.25 284.60
Deficit(Ac-ft) 0.00 0.00 0.00] -2,380.17 0.00 0.00 0.00] -1,537.19| -1,487.60 0.00 0.00 0.00
Target storage
Table 27 - Clear Creek No. 2- Driest Year Unappropriated Flow Shortages
Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Driest Month Flows 0.26 0.55 0.99 0.00 0.00 27.16 49.05 0.00 0.00 1.15 1.04 0.35
Requested Flow 6.00 6.00 6.00 40.00 40.00 40.00 25.00 25.00 25.00 6.00 6.00 6.00
Difference -5.74 -5.45 -5.01 -40.00 -40.00 -12.84 24.05 -25.00 -25.00 -4.85 -4.96 -5.65
Driest Month Flow
Excess (Ac-ft) 0.00 0.00 0.00 0.00 0.00 0.00] 1,478.82 0.00 0.00 0.00 0.00 0.00
Deficit(Ac-ft) -352.66] -302.68| -308.23| -2,380.17| -2,459.50f -763.79 0.00] -1,537.19] -1,487.60) -297.92 -295.34 -347.11
Target storage
Table 28 - Clear Creek No. 2 - Average Year Unappropriated Storage Analysis
Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Excess or Deficit(ac-ft) 84.04 33.26 167.67] -2,380.17| 1,771.29] 9,669.85| 2,651.50] -1,537.19| -1,487.60] 1,100.48 588.25 284.60
Reservoir Operation (acre-ft)
First Year 84.04 117.30 284.97 0.00] 1,771.29] 5,600.00| 5,600.00] 4,062.81| 2,575.21| 3,675.69| 4,263.94| 4,548.54
Reservoir Operation (acre-ft)
Subsequent Years| 2,500.00] 2,533.26] 2,700.93 320.76] 2,092.05] 5,600.00] 5,600.00f 4,062.81] 2575.21] 3,675.69] 4,263.94] 4,548.54
Table 29 - Clear Creek No. 2 - Driest Year Unappropriated Storage Analysis
Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Excess or Deficit(Ac-ft)]  -35266] -302.68] -308.23| -2,380.17| -2,459.50]  -763.79] 1,478.82| -1,537.19] -1,487.60]  -297.92 -295.34 -347.11
Reservoir Operation(Ac-ft)
1st Year 0.00 0.00 0.00 0.00, 0.00 0.00] 1,478.82 0.00 0.00 0.00 0.00 0.00
Reservoir Operation(Ac-ft)
2nd 0.00 0.00 0.00 0.00 0.00 0.00] 1,478.82 0.00 0.00 0.00 0.00 0.00)
Figure 10 - Clear Creek #2
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VI. DAILY FLOW EXCEEDANCE ANALYSIS

A daily flow exceedance analysis was performed to determine the feasibility of maintaining the
criteria used by the WWDC. The WWDC considers the instream flow request feasible if the
requested flow is available 50% of the time during the monthly or semi-monthly periods of the
year. Therefore, the exceedance analysis was performed for the year on a monthly basis.

The daily flow exceedance analysis was done by building a table of all daily flows for the period
of record for the months in question and then ranking those flow values in descending order. All
data points during the month of analysis were used for the exceedance analysis.

Each value in cach of the 12 data sets was assigned an order index expressed as a percent, where
the order was calculated by dividing the value's position by the total number of values and
multiplying by 100. The daily flow exceedance curves for the segments are shown in the
following sections, which were developed by plotting the flow values as ordinates and the order
as abscissa values.

To use the daily flow exceedance curve, the chart is entered at the desired exceedance criterion
{50% in this instance) and the corresponding flow is read from the curve.

For cach segment, the 50% exceedance values are summarized in the following figures. The
requested instream flows for each segment are also shown.

Clear Creek No. 1 Exceedance Curves

Table 30 — Clear Creek No. I Exceedances

Instream Flow % Exceedance of Estimated 50%
Period Request (cfs) Requested Flow Exceedance Criteria (cfs)
January 7.9 86 13.88
February 7.9 g8 13.09
March 7.9 94 14.96
April 40 9 (.00
May 40 66 71.85
June 40 100 21278
July 30 79 61.32
August 30 8 0.00
September 30 3 0.00
October 7.9 97 29.68
November 7.9 98 22.77
December 7.9 94 17.83
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FIGURE 11

Clear Creek Instream Flow Segment 1

Daily Flow Exceedance in January
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FIGURE 12

Clear Creek Instream Flow Segment 1
Daily Flow Exceedance in February
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FIGURE 13

Clear Creek Instream Flow Segment 1

Daily Flow Exceedance in March
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FIGURE 14

Clear Creek Instream Flow Segment 1

Daily Flow Exceedance in April
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FIGURE 15

Clear Creek Instream Flow Segment 1

Daily Flow Exceedance in May
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FIGURE 16

Clear Creek Instream Flow Segment 1

Daily Flow Exceedance in June

1800.00

H
crr T AT

H et
——

4Gcfs

Reqauested Flow

1600.00 -

1400.00

1200.00

1000.00
800.00

Flow (cfs)

25

800.00

400.00

200.00

0.00 -

99%
95%
92%
88%
85%
81%
78%
74%
71%
67%
64%
60%
57%
53%
49%
46%
42%
39%
35%
32%
28%
25%
21%
18%
14%
11%
7%

4%

0%

Percent of Time Flow Exceeded



FIGURE 17

Clear Creek Instream Flow Segment 1

Daily Flow Exceedance in July
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FIGURE 18

Clear Creek Instream Flow Segment 1

Daily Flow Exceedance in August
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FIGURE 19

Clear Creek Instream Flow Segment 1
Daily Flow Exceedance in September
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FIGURE 20

Clear Creek Instream Flow Segment 1

Daily Flow Exceedance in October
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FIGURE 21

Clear Creek Instream Flow Segment 1
Daily Flow Exceedance in November
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FIGURE 22

Clear Creek Instream Flow Segment 1
Daily Flow Exceedance in December
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Clear Creek No. 2 Exceedance Curves

Table 31 — Clear Creek No. 2 Exceedances

Instream Flow % Exceedance of Estimated 50%
Period Request (cfs) Requested Flow Exceedance Criteria (cfs)

January 6 56 7.00
February 6 53 6.20
March 6 61 8.10
April 40 3 0.00
May 40 47 30.25

June 40 91 172.90
July 25 67 43.44
August 25 6 0.00
September 25 2 0.00
October 6 87 23.00
November 6 79 16.00
December 6 68 11.00
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FIGURE 23

Clear Creek Instream Flow Segment 2

Daily Flow Exceedance in January
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FIGURE 24

Clear Creek Instream Flow Segment 2
Daily Flow Exceedance in February
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FIGURE 25

Clear Creek Instream Flow Segment 2

Daily Flow Exceedance in March
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FIGURE 26

Clear Creek Instream Flow Segment 2

Daily Flow Exceedance in April
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FIGURE 27

Clear Creek Instream Flow Segment 2

Daily Flow Exceedance in May
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FIGURE 28

Clear Creek Instream Flow Segment 2
Daily Flow Exceedance in June
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FIGURE 29

Clear Creek Instream Flow Segment 2

Daily Flow Exceedance in July
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FIGURE 30

Clear Creek Instream Flow Segment 2

Daily Flow Exceedance in August
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FIGURE 31

Clear Creek Instream Flow Segment 2
Daily Flow Exceedance in September
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FIGURE 32

Clear Creek Instream Flow Segment 2

Daily Flow Exceedance in October
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FIGURE 33

Clear Creek Instream Flow Segment 2
Daily Flow Exceedance in November
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FIGURE 34

Clear Creek Instream Flow Segment 2
Daily Flow Exceedance in December
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VIl. SECONDARY STORAGE ANALYSIS

No secondary storage analysis was done for this report. The reservoirs existing upstream of the
instream flow segments, including Tie Hack Reservoir, do not have storage water accounts for
instream flow releases. The storage consists of irrigation, municipal, domestic and stock use.

VHI. CONCLUSION

The preceding analyses show that for Clear Creek No. 1, the instream flow request is met under
mean monthly flow conditions for all months except April, August, and September. For the 12
driest consecutive months on record, the instream flow request is met in March, June, October,
and November. For the driest months on record, the instream flow request is met in March,
June, October, and November.

The preceding analyses show that for Clear Creek No. 2, the instream flow request is met under
mean monthly flow conditions for all months except April, August, and September. For the 12
driest consecutive months on record, the instream flow request is met in July. For the driest
months on record, the instream flow request is met in July.

The analyses used in this report were based on criteria developed for the project by the WWDC
described in JFC's contract with the WWDC, The following references were used when
developing the report:

e USGS - Streamflows in Wyoming, H.W. Lowham, USGS Water Resources
Investigations Report 88-4045, Cheyenne, 1988.

e WWRC Publication #92-06, Consumptive Use and Consumptive Irrigation
Requirements in Wyoming.

e  Wesche's, Collings' and the Northern Great Plains Resource Program's Research on
Instream Flow Requirements for Fish.

e Searcy, 1959 - USGS Water Supply Paper 1542-A "Flow Duration Curves."

e "Report on the Feasibility of Providing Instream Flow in East Fork Smith Fork Creek
Instream Flow Segment No. 1," November 1994, Western Water Consultants,

e  Wyoming Game and Fish - Fish Diversion Administrative Reports, Instream Flow
Studies (sce Appendix E of this report).
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EXHIBIT

Clear Creek Nos. 1 and 2
Instream Flow Study



2%}~ Ay Sy 5 A : Crenk i

| EGEND (.

15:01

14 SEP 05

FILE NAME:  crg\\J:\Data\6049ama\\dwg\CLEARCREEK.dwg

INSTREAM FLOW ¢ oo S VIO ' USSR N & : PN P e 2 N2 ok e N L N 3
t""’""‘ Mm.rﬂ"l:f' : / ,,-'*"":. - e ; : . E \ Q.
SEGMENT #2 DRAINAGE g < . - | = S

7o

BOUNDARY

wW./

bas LS ) ke : y

il L | i
! pITEN. - 't" 5
e gt i

ROCK SPRINGS, WY 82907
PHONE (307) 362-7579

FAX (307) 362-7569

hio /W

INSTREAM FLOW
SEGMENT #1 DRAINAGE
BOUNDARY

INSTREAM FLOW
SEGMENT

Fohnsst B A il { ‘o

I Ly vonson

EK DRAINAGE BOUNDARY.
NV L | fli;(EiIV1IEEl\l!I-‘ IEI‘:>;j|' 

" CLEAR CRI

K

e

o 4 13 sangy,

(u"'

ANHIGSONNN W e

s
L

1|
t=]

.
!
¥

!

!

e A BN et NN

P

=3

4 M E N 2 . - . : N ‘Q =3 / ; N e -~ . : G ) J,._' ) '\ I\ . .“3 5 | I
I i s T J 7 _. > _. : . ) | -I I | .\ Ry~ .. P 1-' : J 37T gl \ ] ot . 0 | ¥ ~ s 1 )2 ¥ (
GAGE LOCATION /&\ S NN ,I N 7w ST oe )| Ay [ ) N g T QA 2 510 “ G i
| > <, et e s ~ — r - &) . J 3 -.r H’f’{l =0 Lil . :}‘l : : _‘l y -- X . 2 _‘. N 20 . AL . \:’I‘ ; . I - _,.;p. . — .. ! 2 - [y s fiz e = 23' 22 (" | 23 J i -
i i . A . o b o : == o Irl.'.-'. Z .'_. | / = - — 5 roue { 2 - Z v - ik ; [ .I I.. : AR - -~ . .'-' II: . . = o . 1 h = I ’-'I = .. 7 ] ) \ ;.;ﬁ - J’: :___I_II . . 9 £ 5 . .' 5 ; N JI 2 ‘i Te i
| = N\ (L | { ' NN =2 S e SRS S 1 7 3 P [ St : , L I 2 : BR

ARCHITECTS
SURVEYORS

,lsaybdt;adybdzgzsaz;isr'/5A5N%%75ﬁﬁ77

— =P E A K '

£ ! ~ =N > ; e S o s ¢ ] =
I~ 2 i A =y ' A . ; ; !
; / 4 B PheN SRR T T i /- ARy~ e N A | i~

=L2r =} ol 1 ; 28 1 191037 5 RLTARY T RESEVATION BBy T — \ gt L T
= : LEAR | CI t E E K ~ ‘ 7 4 s
| Y 2 { / - 1 - , 1 o —"'.' N

; : Y il [0 A = . : :

Sl 5/ \ e f 35 e, 2 "3 | . ' =

_..' = — o 3 | 1 1 ” =T > = o

~ e ~ i \ [ ; ; (=T

2 . - 4 ) 31! =,
= = }'\' s UYL Y .34‘ P =N e ar N ) \ i w ; :
N \ Y 1 N e = e iy AN R | - ghane 3
e —n- 1l y ! - k i g AN s f I [ 3 o~
- = = = J ..'l ok \ = = ¥ =, : g~ dai o g
_ 3 . % = 5 i ll
# 3 J 2 - \ '4' " |
N
— i o = ]
&L U D — = W) \/

) AR -
b ( ' == &
E = ) |

i . PSS e

:’_:_. 2 .- o e’ - f‘" '. . .: . “ - \ :' = \ X A S as s == L' = D
) 2 ; y ] ~ : I"-, \ et . N\ N : ; = E_ ‘.| o Wl e R, an ;im___ i e 1‘ Y. — e TR SNSRI _I_
o SOUTH CLEAR CREEK- it N SR R
= A J 1T L Vil AR N N et = R =AM S SN R SR 2 2
7 [ GAGING STATION—
= = oot R (S LNl 8 2l B8N SIS RS Y B S NS B > £
Vo ~ e | AN PN S e a) 3
U Sl N % ; =8 W IR ST TS _ A o BTN Il - o
. 2 : ¢ g ) 4 e e L SR NS ) g
= s ; oy - = 14 (@S = X N N S
- : ‘ ; \:“ 25 \ -?5 . . ; | 4 i | :T, \ ) - — v, ’_'- s .I. ™ s 3 ) i ; f_
e v /U~ TIEHACKRESERVOIR * - |3z |
. ‘.‘.--..‘ - ' — . .‘_ ) ﬁs.! . X /% -‘ . = y .\ - . ‘ = I.:I,‘:’ I < : > ¥ —\... !I. _ : . i I_ . y = 8 II: . \ } ! ! .I m ;‘:’:
= 7 34 = % B . o & I e pos- SN : ¢ /g ' o7 _..:‘__,- . = .' \ ;; N\ e £ =77 21) ‘T' 7 x E %
& ERVY/ T_5o N & - . " I N 14 i o Y, ._fe - & ” 7 / N 75 . e ' e . By — e 2 | 32 _ Rt Z :
s = O gl P 2B . »= # 7 figv ¢ ) )2 e S 4L X o - = ©
) T 49 N’-N ' j f ; T L -_'. e g T_ 50 ; '_‘ % \.' I .;:i_ | X i y ) o % :‘_5’
o r - E—— y = = 4 # <, 1 ©
2 i ,:D{c> \ (IR a m1'£“) iy 4 S ik o3
o I ¢ - f o I SR =4 o !
e 1 ¥ 00 (S /8 B — : l;l"' 1 n A B BN TN Tl s X\ '74“. g e MG NS b oo gyese X ST -
o Al _z!EL . . N . : = 9z = 71 \ e Wi 7 w__ % pa i i~ N ; e &l =73 . : - \ e P _”:_,..._‘ % ) _ _- Ry = _E!g—u; » _P.‘irk_-_- Y ':."'-:'?‘7.' Tl ey e = - o I U, ’ﬁ_ wl
1A i - M ) D o i -7 1) ! : : L ] =M :
{-00 A g mgw = ) S e = 2 S ' . = : . o ; O
.~ & | SOURDOUGH CREEK Sl o
\}- 4 < CE225 1] TR o g . A s NN : \ == — = S e =y . - ; 3 : L .\:\,_ . 8 / 7 1
¢ \ 3 f\—y ‘.;- .km il i s . ——r 5 3 S i . = ‘q"f i L’L" m
g e : ( | A . 7 W o o A T . E | . . 1 m
S ¥ | / 77 .:ac L_.'O-U D .' AR N = S v Y . [ m
” . y Al = X : v 1 \ . . . |: /4 - \ . :- .‘j.'- 7 ) : . ;
X % = 72008 7 & i , % . O
g . ) : 2 = | ’ y L RS <
/ ' —WELBSE R \NE s\ T/ Ak E 1]
i et : = = - & {, b—- J _-_ ~ ' o =} O
\ ‘:‘ / ? : / e § L : ‘ 3 o o d
) j M‘ 5 - e 0y 2 L A £ A ™ ? am Q.
15 T4 71§ T 4 P - 7 & 7 S
; - — Sy - N RN o
- — '\ \ Z E N / ) [ o A\ /=] DRAWING TITLE:
~ w7 Mr:umu.'a = ./‘// ; JI ) { W / -4 R - . 1fi
-i_‘ — 7 s i ‘ ) - LN . 42 i _,.,.:.'. St
e, 1 -._ - = = 7 | 3 - — .r [ N . = _j} | 5 e

SRy N

| 20\ = = 21 : . i

NATIONA Y| )

I - T 1 — 4
L . i - - & \
¥ 5 2 . r

\ Wk 41 - = 0 24 ~ y 1=

/LY L

o Vs S A AN - = _' Bl GHORN

.-‘/ hS = /iy . - = - ——

BN o T TN e (2| orawn BY:

TN T ) CRG

i ——} - 3
= ~ i ] . ' A \

—Shese .. dowod b S |
—— —— Mounrsin .jll'!" <] - | e \\
[ -13) ) (il ! ’ \

ey o SCALE:

b3, D e D e |1 =4000°

BiGHORN /

y . _ bR, S NN | DATE:

e SR < ) NAaTUoNAL = . e /) N o, Sl sl A ol WD o eSS JANUARY '04
##  FOREST/| == e . —— QM == A = R ( b . & = st VAN - w2 ] PROJECT NO:

.:‘;/';__

MmO 6049

{4 g 3 ! -t r
y p | 1 -~ b J i bl

S A Y AN TR > | sSHEET NoO:

~ . 3 =CONER R

i - | . I ) a3 By _fl

Fnpe e



APPENDIX A

Water Rights On or Above the Clear
Creek Instream Flow Segments —
Pre-Tie Hack



]
g

10

11

12

13

14

15

16

17

18

19

20

*21
22

23

24
25

26

27

28
*29

31

32

34

35

36

38

39

Permit
Number

4840D

4840D

2106A

48410
4844D

2105D

2108D

23870

48460

4847D

21044

2107A

2108A

21114

238FA

2123A

2130

2122A

2124A

21260

21215D

2126D
2127A

2128A

13260
307E

1369E

1404E
2899E
201D
72170
2391€
2404E
10478D
2492E
2627E
128380
139350

3896E

Appendix A - Water Rights On or Above the Clear Creek Instream Flow Segments - Pre-Tie Hack

Facility

Buifalo Water Wagon Pipe
line and Ditch

Buifale Water Wagon Pipe
line and Ditch

Four Lakes and French
Creek Ditch

Snider #4 Ditch

Snider # 3 and 1 Ditches

Four lakes and French Creek
Ditch

Four lakes and French Creek
Ditch

Four lakes and French Creek
Ditch

Four Lakes and French
Creek Dilch

Four Lakes and French
Creek Ditch

Four Lakes and French
Creek Ditch

Four Lakes and French
Creek Ditch

Four Lakes and French
Creek Ditch

Four Lakes and French
Creek Dilch

Four Lakes and French
Creek Ditch

N. Fork and French Creck
Ditch

N. Fork and French Creek
Ditch

N. Fork and French Creek
Ditch

M. Fork and French Creek
Ditch

Four Lakes and French
Creek Ditch

N. Fork and French Creek
Ditch

Buifalo Mill Company Ditch
N. Fork and French Creek
Ditch

N. Fork and French Creek
Ditch

Brown and Foster Difch
Enl Four Lakes and French
Creek Ditch

Whaley £nl Four Lakes and
French Creek, Hopkins, and
Whaley Dilches

Foster Enl Four Lakes and
French Creek Ditch

Eni. Moeller #3 Diich
Stevenson Ditch

Johnson County Farm Diich
Enl Jehnson and

Hold Johnsen Gitch

Eni Crown Ditch

Post Istand #2 Ditch

Enl Four Lakes and French
Creek Ditch

2nd Cummings Enl Johnson
and Holt Ditch

Thom Pipe Line

Flag Ditch as Changed To
Suhr Bitch

Cummings 3rd Enl Johnson
Gitch

Siata\048amalCCA0IRCCwaterights.xls

Priority
Source Date
MIDIYR
Clear Creek 12/31/187%
Clear Cresk 1213111879
N. Fork Clear Creek 6/1/1881
Clear Creek 4130/1883
Clear Creek 6/20{1883
N. Fork Clear Creek 6/1/1884
N. Fork Clear Creek 6/1/1884
M. Fork Clear Creek 6/11884
N, Fork Clear Creek 6111884
N. Fork Ciear Creek 6/1/1884
N. Fork Clear Creek 6/1/1884
N. Fork Clear Creek 6/11884
N. Fork Clear Craek 6111884
N. Fork Clear Creek 6/1/1684
N. Fork Claear Creek 6/1/1884
N. Fork Ciear Creek 12/31/1884
N. Fork Clear Creek 12131/1885
N. Fork Clear Cregk 12/31/1885
M. Fork Clear Creek 12131/1885
N. Fork Clear Creek 6/1/1686
N. Fork Clear Creek 10/16/1886
Clear Creek 6111887
N. Fork Clear Creek 10/31/1889
N. Fork Clear Creek 12/31/1889
N. Fork Clear Creek 10131896
M. Fork Clear Creek 128/1898
N. Fork Clear Creek 4711905
N. Fork Clear Creek 71771805
M. Fork Clear Creek 117231805
Clear Creek 51711606
Clear Creek 6/8/1506
Clear Creek 172501911
Clear Creek 12811
Spring 20231811
N. IFork Clear Creek 81307191
Clear Creek 6/17/1912
Camp Comfort Draw 11/18/1814
Clear Creek 1/8/1916
Clear Creek A22/1918

Amount
{GFS)
1.00

3.00
173

1.05
0.57
2.00
0.50

0.20
1.71

0.95
5.26

8.03
15.00

2.1

2.88

0.43

0.86

4.60
4.28

2.28

2.78
1.92

0.75

3.67
2.14
1.80
2.91

1.58
0.11
0.00

Acres

63.6

35

120

368

1048.1

148

100

60

130

267
150
126

203.96

110.8
7.5

174

[3 23

42.25

i1

Use*

hr
Municipal
fer

frr
irr

irr
Fish

Municipal
Iy

Iry
Irr

Stock,

fr

Irr
Irr
Irr
Irr
Irr
Irr
Irr
Irr
Irr
Irr
Irr
Irr

Municipal
frr

Irr

Irr
frr

frr

frr
irr
irr
Stock, lir
trr
Irr
ler
frr
frr
Ier

frr

trr

Status
Ad
Adj
Adj

Adj
Adj

Una
Tra

Adj

Adj

Adj

Adj

Adj

Adj

Adj

Adj

Adj

Adj

Ame
Adj

Tra

Adj

Adj

Adj

Adj

Adj
Adj

Adj

Adj
Adj

Adj

Adj
Adj
Adj
Adj
Adj
Adj
Adj
Adj
Adj
Adj
Tra

Adj

Diversion
Location
Section
10

10

5

10
10

o

(%]

[$1]

[423

28

<

o

(SRR I & ] o1

(SIS 4 ]

o

Township Range

SON 83W
50N B3W
50N 84w
50N a3w
BON B3W
GON 84w
50N 84w
50N 84w
SON 84w
50N 84w
SON 84w
50N 84w
SO0N 84w
50N 84W
50N 84W
50N 84W
50N 84W
SON 84w
GON 84w
50N 84W
50N 84W
50N 83w
50N 84w
50N 84W
G0N 84W
50N B4W
SON 84W
50N 84W
5GN 84W
50N 83IW
SCGN 82w
SON 82W
50N 82w
50N 82W
SN 84W
50N B2W
0N 83w
50N 82W
50N 82w



*45

69

*70

71

72

73

74

Permit
Number

3965E
4051E
42218
4177E
4357E
4383E
47HE

5285

188680
18806D
189050

1716147
23201D
232050
234270

233690

28 5/302
28 6/302

Reservolrs:
Permit
Number

2771R
9489R

4895R
5033R
7533R
5442R
62465
7294R
8897R
24/2f206R
24/5/243R
24/2/333R
24/4/332R
24/51332R
24/6/332R

8948R

Appendix A - Water Rights On or Above the Clear Creek Instream Flow Segments - Pre-Tie Hack

Facility

Cofles Ent Crown Ditch
Coffee 2nd Enl Crown Ditch
Works Enl Crown Ditch
Burger Enl Six Mile Ditch
Enl Flag Ditch

Enl Johnson-Holt Ditch

Enl Four Lakes and French
Creek Ditch

Enl Four Lakes and French
Creek Ditch

Hampton Enl Four Lakes and
French Creek

McMeese Dilch

Hunter Ranger Sta lrr Ditch
Hunter Ranger Station Pipe
Line

Enl Six Mite Ditch

Gray #2 Pipe Line

Gray #1 Pipe Line

Clear Creek Inn Pipe Line #3

Braten Pipe line
insiream Flows
Insiream Flows

Total Municipat not affecting instream flow no. 1
Total Irrigationt not affecting instream flow no. 1
Total municipal affecting instream flow no. 1
Total Irvigationt affecting instream flow no. 1

Facllity

Thom Res.
Littie Sour Dough({Changed
o Tie Hack Res.

Rearing Pond #8 Res
Rearing Pond #7

Camp Comfort Res(Change
to Lake DeSmet Res.

Litle Sour Dough Res
Schuman #4 Stock Res

Elk Res.

Frankovic Res.

Littie Scur Dough Cadiz Res

Camyp Comfort res
Sour Dough Creek Res
Canyon Res

South Clear Creek Res
Lynx Park Res

Buffalo Diversion Res.

Total Municipal not affecting instream flow no. 1(AF)
Total Storage not affecting instream flow no. 1{AF)
Total Municipal affecting instream flow no. 1
Total Storage affecting instream flow no. 1

* does not affect instream flow rno. 1

[daal6049ama\CC 200G Gwatorrights xfs

Source

Clear Creek
Clear Creek
Clear Creek
Clear Creek
Clear Creek
Clear Creek
N. Fork Clear Creek

N. Fork Clear Creek
N, Fork Clear Cresk
Clear Greek

N. Fork Clear Creek
M. Fork Clear Creek
Clear Creek
Trailside Spring
Moser Gulch

N. Elk Spring
Braten Spring

Clear Creek
Clear Creek

Source
Camp Comfort Draw

5. Fork Clear Creek

Spring Branch

Little Scur Dough Creek
Clear Creek

Little Scur Dough Creek
Scotty Draw

Elk Draw

Cedar Creek

Little Sour Dough Creek
Clear Creek

Sour Dough Creek
Ciear Creek

5. Fork Clear Creek

S. Fork Clear Creek

Clear Creek

Priority
Date  Amount
MIDIYR  (CFS)
211319 0.28
12/5{1919 1.97
9231520 1.54
171511821 1.44
371623 502
6/28/1823 2.06
128/1931 ¢.00
112871931 0.00
42411935 0.03
2171938 1.43
2/26/1938 0.04
2/28/1938 0.05
9/19/1956 0.00
5/18/1961 0.08
9/17/1969 0.03
471411970 0.08
1231973 0.06
6/10/1894  Varies
61611994  Varies
Total CFS: 122.65
Total Municipal 7.95
Total lreigation: 11470
71
11.82
0.84
102.88
Priority
Date  Amount
M/DIYR  (CFS)
1171971914 1.44AF
10/M18/1833 1646.67AF
6/17/1938  3.45AF
9/29/1938 4. 3AF
8/16/1939  11640AF
71311941 1.B3AF
12/8/1968 5.5AF
4/14M370 13.37AF
7izt1981  4.96AF
201811982 1644.05 AF

511071982 11640.88AF

12/8/1982 4532 AF

12/8/1882 5041 AF

121811982 5043 AF
121811982  10729AF
12/7M1984 2.559AF
Total AF: 26608.809
Municipal{AF): 32983.279
Storage(AF): 23315.53

2.56
4532.00

Acres

20
138.5
108
101.2
351.4
143.77
81.12

62.82
104.67
100.5

2.597
1.5

cfs
cfs

cfs
cfs

cfs
cfs

Acres

174

o

in

*

Use

irr
irr
irr
irr
irr
irr
Stock,

rr
Irr
Irr

Stock, #rr
I
|

Stock
Bomestic
Domestic
Domestic

Domestic
Fish
Fish

Use*

ler
Munc,
Power,
Fish
Fish
Fish
Stock, Irr

Stock, Fish
Stock
Stock,Fish
Fish
Municipal

Stock, irr,
Murc
Stock, i,
Munc
Stock, b,
Munc
Stock, irr,
Munc
Stock, i,
Munc
Municipal

4.55
128.47

0.004
251
4.546
104.06

Status

Adj
Adj
Adj
Adj
Adj
Adj
Adj

Adj
Gst

Ad]
Adi
Adj

Pend
Adj
Adj
Adj

Adj

Pend
Pend

Status
Adj

Una

Ad
Una
Tra

Adj
Una
Adj
Adj
Pend
Pend
Pend
Pend
Pend
Pend
Adj
cfs
cfs
cfs
cfs

ofs
ofs

iversion
Location
Section

4]

S =

10
10

F-NE O~

i<l

10

Diversion
Location
Section
8
23

13

27

10

Township Range

50N
50N
50N
50N
50N
50N
50N

50N

50N

50N
50N
50N

50N
50N
50N
50N

50N
50N
50N

82w
82w
82w
82w
83w
82w
84w

8awW

B4W

B83W
AW
84w

B3W
83W
83W
84w

83w
83w
82W

Township Range

50N
50N

50N
49N
50N
4GN
50N
50N
50N
50N
50N
SON
50N
SO0N
50N

50N

83W
84W

84W
84W
83w
84w
83w
84w
84w
B4W
83w
84W
83w
84w
84w

83w



APPENDIX B

Clear Creek Average Monthly Gage
#06318500 Data



1839
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1856
1957
1958
1859
1960
1961
1962
1963
1564
1965
1966
1967
1988
1969
1970
1871
1972
1973

Appendix B - Clear Creek

Average Monthly Gage # 06318500 Data
{1817 to 1927 not shown)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2.83 1.00 1.91 20.43 104.81 127.63 36.84 18.55 6.74 2.84 1.68 1.10
0.70 1.10 1.52 14.83 93.58 126.63 4987 11.87 3475 47.16 12.49 4.43
0.98 0.66 1.99 3742 284,74 154.03 59.87 108.06 62.93 40.55 22.37 9.060
4.00 2.00 2.00 40.75 128,74 137.83 53.39 17.32 10.13 15.60 7.41 512
5.04 4,09 5.70 80.83 162.61 394.87 182.06 37.94 20.33 9.65 4.67 3.20
0.99 1.00 0.99 8.72 350.97 39017 134.00 26.94 14.63 12.50 6.26 3.37
3.25 264 3.54 10.32 137.13 311.83 185.1C 49.52 47.03 28.65 19.08 7.23
419 2.70 14.88 88.17 113.19 23707 124.48 29.23 34.87 21.96 8.85 2.84
1.49 1.08 1.54 33.31 294.26 229.10 134.23 29.32 13.68 11.51 8.49 4.44
1.83 1.69 3.45 2585 195.06 203.10 93.74 2515 10.45 6.48 2.68 3.38
1.95 1.62 2.67 33.10 157.94 295.00 72.71 15.23 15.31 12.05 7.30 2.21
2.11 212 3.43 19.1¢ 99.12 248.53 129.06 25.06 21.44 15.85 6.49 2.07
1.12 0.95 1.31 10.97 110.03 128.80 129.68 37.29 14.63 9.08 219 0.62
0.36 0.76 1.25 65.81 187.00 205.33 85.97 31.94 7.98 3.96 1.98 1.73
0.75 1.38 223 12.54 76.86 262.80 63.23 3400 6.60 1.15 1.04 0.35
0.32 1.64 1.34 15.56 101.42 61,27 27.26 3.65 0.47 1.75 2.89 0.86
0.26 0.55 1.33 11.88 81.26 154.90 55.65 7.92 1.24 208 5.00 4.42
3.50 1.85 519 15.09 176.90 192.90 40.90 2574 2.59 2.09 414 1.66
0.55 0.99 1.81 5.80 111.65 333.63 134.23 28.77 38.57 30.45 18.73 16.35
10.85 10.78 10.87 34.10 239.23 114.87 85.81 56.65 32.57 24.97 21.97 16.03
11.90 10.51 10.46 31.20 91.87 24597 91.74 3513 27.20 25.81 20.30 11.98
9.57 7.28 21.25 27.63 62.29 101.00 49.26 33.81 22.77 20.38 15.29 9.33
547 7.23 9.39 16.95 115.1¢ 105.73 41.55 22.74 39.70 40.71 29.60 18.52
12.55 15.25 9.01 60.73 120.26 288.17 154.87 61.42 45.80 35.84 2877 20.71
11.82 9.76 19.58 39.13 209.00 523.20 123.52 47.61 42.10 27.39 21.65 8.87
8.54 7.08 7.58 26.00 117.13 169.77 98.39 39.77 17.17 12.45 9.37 9.30
12.16 6.29 8.81 20.84 78.19 240.30 104.42 47.29 26.43 20.10 14.07 11.35
6.28 488 6.7C 14.91 113.10 98.50 57.48 43.13 33.50 25.35 13.83 9.97
8.62 8.39 10.82 20.77 122.61 420.50 235.94 54.68 47 .80 37.00 20.13 11.32
8.99 8.6C 12.51 24.80 101.13 384.53 113.03 83.68 57.73 31.23 19.43 13.81
12.74 10.61 12.33 55.57 93.35 92.53 70.23 31.03 22.47 19.58 14.57 8.73
3.65 508 5.45 15.90 138.16 180.47 69.94 2774 17.27 12.11 9.14 7.53
5.53 4.30 4.48 11.71 201.23 436.87 109.35 46.00 29.87 26.77 21.20 18.06
14.40 11.17 2242 29.80 209.32 320.00 114.32 87.84 53.23 32.10 23.43 10.95
6.48 5.81 7.64 20.41% 190.19 188.93 71.45 37.03 4483 28.97 24.40 17,23

J\data\8049ama\CC2005\CC Gage Data. xls



Appendix B - Clear Creek

Average Monthly Gage # 06318500 Data

1917 to 1927 not sh
Jan Feb Mar Apr Mas} OJun Ao SJCL)JYvn) Aug Sep Oct Nov Dec

1974 9.99 9.36 12.24 48.97 138.77 191.33 8413 65.03 41.00 27.71 23.20 16.71
1975 12.16 11.36 11.35 28.97 120.10 352.63 325.80 58.58 30.57 25.48 23.37 20.06
1976 14.61 13.31 14.06 35.53 237.65 273.47 117.87 58.97 39.40 38.77 22.70 14.84
1977 6.74 6.05 7.35 75.12 132.90 111.40 46.55 31.84 27.67 22.61 18.23 15.20
1978 13.87 13.32 16.68 37.87 311.61 427.43 222143 7277 40.83 3142 19.07 19.52
1979 16.43 15.46 15.13 29.80 148.06 250.77 134.39 111.897 48.97 29.685 25.80 19.71
1980 13.97 11.97 13.68 57.80 216.58 24447 83.16 36.00 28.83 19.94 17.23 14.03
1981 1017 7.21 8.69 30.50 154.97 182.77 70.48 34.94 2513 27.97 21.03 12.42
1982 2.10 10.44 12.29 3013 94.77 260.50 192.55 51.74 80.70 98.26 46.60 20.39
1983 21.48 17.07 19.77 44 .80 120.13 355.13 134.58 43.42 28.23 37.29 25.33 17.90
1084 13.16 12.28 13.26 26.47 278.26 401.03 1568.45 58.81 33.10 28.61 20.43 13.15

1985 10.86 7.89 11.55 40.73 108.81 88.47 41.87 29.23 2513 26.16 14.99 13.13
1986 11.52 10.63 13.48 35.53 130.28 333.93 79.42 34.90 42.93 33.45 22.90 16.39
1987 13.00 13.32 17.06 63.23 163.55 175.00 96.74 54.77 50.70 33.10 2527 15.68
1988 7.40 8.30 11.18 42.57 183.16 116.10 4G.06 20.42 20.53 16.71 14.43 10.11
1989 7.39 5.73 9.14 32.38 98.00 175.80 116.84 52.97 34.20 24.55 18.70 1506
MIN 0.26 0.55 0.99 5.80 62.29 81.27 27.26 3.65 0.47 1.15 1.04 0.35
AVGS 7.37 6.60 8.73 32.55 152.55 236.61 104.68 41.88 29.86 23.20 15.89 10.63
Average
Annual Flow 55.94

segment 1 55.94% 988=55.27

[ \data\6049amaiCC2005\CC Gage Dala.xls



APPENDIX C

Ditch Flow Records



Appendix C - Ditch Flow Records

Johnson County Ditch{1 of 2)

1082 1983 1985 1987 1988 1989 1990

Jun Jul o Aug | Jdun Jul Jun Jul  Aug | May Jun Jui Aug  Sep | May Jun Jul | May  Jun Juboo Aug | May  Jun Jul Aug
1 528 4.00 4.00 0.71 3.00 5.01 3.01 off
2 3.64 873 3.00 4.25
3 400 6.68 4.62 3.64 5.96 1.00 450
4 4.50 4.00 4.00 857 3.00
5 4.00 4,62 4.50 3864 0.71 3.00 501 1.00 8.97 5.82
6 857 3.00
7 3.64 596 4.00 3.00 5.01 4.50 7.44
8 5.01 7.79  3.00
g | 431 4862 462 897 3.64 3.00 5.01 4,50 5.01
10 4.00 2.58
11 3.64 | 3.00 450 4.00 3.00 4.00 450 4.95
12 4.62 1.93 250 3.00
13 1.93 1.00 3.00 4.00 5,06
14 1.93 4.00
15 1.93 4.30 5.01 450 | 1.84
16 8.97 203 370 5.96 5.96
17 5.28 4.00 450 [ 1.84
18 4.95 8.97 3.00 4.50 1.00 5968 4.00 5.01 4,75 4.18
18 4.95 3.70 off 4,18
20 | 462 3.70 596 1.45 3.41
21 8.18 3.00 450 400 1.00 5.46
22 4.95 5.28 3.70 4.00 4.31
23 8.18 3.70 528
24 4.00 5.01 4.00
25 5.96 341 4.31 1.00 832 3.00 4.50 5.21
26 4.75 4.00
27 8.98 65.03 873 250 3.01 488 450
28 4.62 400 4.00 1.00 8.73 258
29 898 528 5.98 1.03 5.0t
30 3.41
31 4.00 8.73 4.37 3.41
avg 4.31 501 534 506 678 528 408 325 328 459 444 213 071 741 485 300 507 417 3.30 479 356 B19 472 0.00
May avg= 4.90 (Byears)
Junavg= 4.80 (Syears)
Jubavg=  4.57 {Syears}
Aug avg=  3.17 {Tyears}
Sepavg= 2.37 {3years)

J\Watai6049ama\CC2003\actualflow. xis




Appendix C - Ditch Fiow Records

Johnson County Ditch(2 of 2)

1891

1992

May Jun

6.68

Jul Aug
.18 0.00

Sep

May

Jun Jul Aug  Sep
5.96

5.08
3.41 2.43

6.68

W~ R W -

10 4.00

5.28

5.28

4.56

2.85

4.00

4.00
4.00

4.00

4.82

2.85

4.00

3.41

off

4.00

off

off

24 4.62

3.41

4.35

5.08

2.58

30§ 5.28

4.95
5.28

5.08

off
5.15

2.43

avg 467 559

385 0.00

\dala\6049amal\CC2008\actualfiow.xls

4.00

4.68

377 515 3.88 243



Appendix C - Ditch Flow Records

Snider #4 Ditch(1 of 2

1987 | 1983 | 1984 1985 1986 1987

Jun Jul  Awg | Jdl Jun Jut Aug  Sep | Jun Jui Aug Sep | May Jun Jul Aug  Sep | May Jun Jul Aug  Sep
1 6.22 .22 2899
2 8.11 822 193 18.21 5.66
3 273 7.03 8.22 6.44 8.00
4 7.27 1.93 2.73 8.22
5 8.00 622 4.50 6.22 2.32
6 14.85 5.12
71273 822 B.22 2.73 3.17
8 273 273 5.66 3.62 2.16 417 1.24
g 273 827 6822 232
10 8.12 2.32 0.88 028
11 1.93 273 362
12 2.73 273 273 1.93 347 4410 512
13 566 480 6.22 3.08
14 2.73 | 3.82 8.22 622 2.80
15 3.67 822 5.68 5.66 8.00
16 273 | 382 2.73 850 622 468 4.1 8.83 13.33
17 7.329 8.37
18 2.73 8.79 8.63 6.93
19 3.09 1.24 6.79 317 3.62 622
20| 2.73 2.73 4.60 353 12.18 1.24 2.32
21
22 1.93 1.24 471 317 2,16 3.62
23 3.09 | 273 555  3.17 12.59
24 5.00 6.22 3.53
25 5.22 6.22 4.81 1.30 12.01
26 6.22 1.86 335 6.22 6.22
27 273 3.60 2.18 2.01 11.87 0.77
28 8.98 232 157 6.45 2.09
29 2.73 481 622 5.55 6.22 1.24 5142 12.01
30 2.73 1.57 2.82
31 7.63 2.32 3.00
avg 273 273 273 473 273 253 1.35 183 583 817 488 406 478 664 483 263 7.11 532 990 796 308 106
May avg=  4.95 (Syears)
Junavg= 4.99 (Qyears)
Julavg=  4.22 {(10years)
Aug avg=  2.98 {9years)
Sepavge 3.24 (8years)
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Appendix C - Ditch Flow Records

Snider #4 Ditch(2 of 2)

1988 1990 [ 1991 1992

May  Jun Jul Aug Sep May  Jun Jub Aug  Sep | Jun Jul  Aug  Sep | May Jun Jui Aug Sep
1 9.00 100 234 200 1.25 200 400 4.50
2 150 225 1.95 4.00 250 250 1.00
3 9.50 234 200 5.00 400 350 2.50 5.00
4 234 240 2.00 4.00 4.00 4.50
5 8.50 2.30 2.34 5.00 3.00 4.00
g 238 234 1.50 4.00 400 3.50 4.00 230 1.00
7 8.00 234 2.34 4.00 0.00 2.50
8 225 234 238 4.00 2.35 3.50
9 8.00 240 234 290 2.50 500 250 4.00
10 2.34 4.00 3.00 .50
11 830 234 4.00 5.00 3.50
12 2.25 234 2.50 500 5.00
13 222 234 4.00 5.00
14 2.34 3.50 5.00
15 8.00 234 2.34 4.00 300 4.00 4.00  off
16 234 234 4.00 4.00
17 2.10 2.25 400 3.50 4.00 1.50
18 250 225 500 5.00 3.50
19 450 280 1.50 5.00 400 200
20 6.22 260 200 6.00 4.00 2.20
215 410 220 240 5.0 4.00 5.00
22 2.34 234 1.50 3.00 262 2.00
23 500 234 150 5.00 3.50 250 234 4.00
24 2.34 2.30 4.00 3.00 2.00
25 [12.74 234 220 2235 5.00 4.00 1.50  off 1.00
28 200 200 2.34
27 900 270 200 2.00 500 250 5.00 off
23 234 225 4.00 1.11 3.00 4.00 1.00
291 850 550 220 200 2.50 5.00
30 225 198 1.50 2.00 083 2.50
31 1.95 1.80 0.50
avg 859 533 222 214 227 388 390 376 319 383 342 37¢ 218 328 331 345 1.00 0.83 050
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Appendix C - Ditch Flow Records

McNeese Ditch{1 of 1}

1985 1986 1987 1988 | 1989 | 1990 1991 1992
Adg | May Jun Jul | May Jun | May Jun | May Jun Jui Aug | May  Jun Jub  Aug | May  Jun Jul Aug | May Jun Aug Sep
1 0.50 3.39 3.47 3.85 2.33 0.94 1.04 4.67
2 1050 off 1.684 1.04 1.18 2.33
3§ 0.50 207 2407 3.24 off 6.00 2.39 1.58
4 1.78 3.47
5 1 0.50 3.54 5.82 1.04
6 2.88 0.50 0.58 1.19 1.35
7} 0.50 0.83 3.93 3.24 5.54
8 1.76 3.83 176 1.19 418
9 | 0.50 3.37 Q.50 4.34
10 0.50 3.47 0.00 1.76
11 050 0.50 152 0. 3.78
121 0.50 3.47 0.54 0.85
i34 050 487 280 2.33
14 | 0.50 Q.90 | 3.1Q
151 0.50 1 2.07 0.50 207 273 3.08 | 5.28 1.76 418 3.78
16 | 0.50 3.47 2.35 0.94 0.54 3.00
17 .90 5.1C 4.01 off 2.39
18 3.85 1.76 | 362 194 | 147 4.18 1.768
19 207 114 5.63 1.09
20 152 1.76 0.50 4.26 3.00 | 213 4.76 0.50 | 4.34
21 347 178 | 4.18 0.50
22 2.66 .80 3.02 5.54 0.71 476
23 0.50 2.81 1.30 0.50 1.76
24 426 6.19 0.50 0.94 1.47
25 0.60 | 310 4.67 4.67 2.88 3.62 0.84
28 0.50 0.54 1.94 G.00 | 426
27 1.47 4.42 3.47 4.34 0.84 4.18 1.78
28 310 4.34 .35 off | 0.00 3.39
28 3.00 6.00 3.47
30 147 274 2.00 6.00 118
31 5.10 2.39 off
avg 0.50 185 1.90 088 332 183 359 258 286 346 380 244 554 3.06 218 1.64 271 246 147 077 403 298 116 1.76
May avg=  3.57 (Tyears)
Junavgz 282 (Tyears)
Julavgs 1.88 (Syears)
Aug avg=  1.11 (Syears)
Sep avgs  1.78 (1years)
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Appendix C - Ditch Flow Records

Brown & Foster Ditch{1 of 1)
1882 1983 1984 1988 1990

Jun Jul Aug | Jun  Aug i Jun Jub Aug | Jun Jul May Jun Jul Aug  Sep
1 285 2.38
2 462 462 3.41 2.48
3 2.85 (.46
4 4.62 3.41 425
5 462 2.85 1.39
6 4.62 3.41 4251 285 1.39
7 4.82
8 425 | 285 1.39
9 462 482 3.41 3.24
10 2.85 2.85 0.46
1 2.41 1.39 2.22
12 4.62
13 2.85 3.41 4001 285 099 1.84
14 4.62 off
15 3.29 400 | 2.38 064
18 4.62 3.41 2.03
17 329 285 4.00 | 2.38
18 3.41 2.22
19 4.62
20 328 285 3.41 400 2.38 1.61
21 4.62
22 3.29 4.00 ¢ 2.38
231 462 482 4.25 0.95
24 3.28 2.38
25 | 4.62 4.25 4.00
26 4,62 2.03
27 4.25 2.38 0.81
28| 482 482
29 2.38
301 482 4862 3.41 2.32
31

avg 462 462 462 329 285 341 382 388 280 136 000 222 220 141 046

May avg=  0.00 (
Junavg=  3.06 (
Julavg= 341 {dyears)
Aug avg=  3.35 (
Sepavgs 0.46 (
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Appendix C - Ditch Flow Records

Four Lakes & French Creek(1 of 3}

1980 1981 1982 1983 | 1984 1985

Jun Jul Aug  Sep | Jul Aug  Sep Jul Aug  Sep Jui Aug  Sep Jut Aug  Sep | May Jun Jui Aug  Sep
1 14200 7303 2240 1510|5942 36.00 23.65|73.67 86.09 3951] 70.48 41.05 20.81|6859 72.390 28.00 35.51 88.38 1475 12.00
2 14500 71.75 2282 14.05]61.21 34.05 22.82|72.390 66.08 30511 88.62 42.09 31.20] 6859 70.48 27.11 36.49 8290 1440 12.00
3 [48.53 72.38 21.50 16.55|61.21 33.00 2240|7497 52.42 2755} 66.76 41.05 32.14167.96 B66.09 2623 35.02 78.24 14.40 12.00
4 151.88 7048 20.38 15.46|60.02 31.87 215917627 5942 27.11f 64.80 41.05 30.74| 66.71 58.83 24.83 3749 7432 14.05 12.00
5 153.02 8548 1843 1405|5842 31.67 23.85{73.67 5706 2667 83.03 4420 30.27|68.58 54.74 24.08 45.27 71.75 14.05 12.00
6 [50.2C 6.71 1692 13.70|60.61 33.0% 40.02169.21 5531 26.23| 76.92 41.05 28.45|69.21 52.456 24.08 48.53 78.24 14.05 12.00
7 | 4635 ©4.86 16.92 13.36762.42 30.74 35.51160.21 5042 2536| 77.58 39.51 27.11|69.85 4064 27.55 48.53 80.89 13.36 12.00
8 |49.64 £67.96 18.92 13.36}59.47 30.27 32.14}69.85 61.82 24.50] 7824 37.99 2845|6921 47.44 2493 50.20 78.27 13.70 12.00
9 183.02 7048 19.59 13.70}53.02 30.27 29.81(72.39 64.868 2365| 72.96 37.49 4589|6671 4527 26.67 46.89 7824 13.70 12.00
10 | 56.48 66.08 18.43 13.70}54.16 30.27 2845|7111 65.48 2493| 67.60 38.50 42.62|54.86 43.67 2536 47,98 76.92 13.00 12.03
1115765 63.03 17.29 13.38| 55371 29.36 26.67| 70.48 51.21 39.00| 65356 40.54 35.99]64.86 43.14 2450 45.81 76.27 13.00 14.4¢
12| 57.65 61.82 16.92 17.29|57.65 28.90 25.79{69.85 58.83 35.51| 63.04 39.00 35.02|71.11 42.00 2385 40.02 7562 13.00 37.4¢9
13 | 55,80 60.02 16.55 17.29|58.83 27.55 24.93{71.11 54.74 36.00] 6071 37.99 33.00|77.58 41.05 23.23 46.8% 73.87 13.00 28.00
14 155.31 60.02 16.55 16.92]57.65 27.11 2536|7175 50.20 65.4581 58.38 37.99 3214|7758 4105 2282 57.65 6548 13.00 23.65
15 151.88 61.21 2845 16.92}49.64 2755 20.78|71.75 4853 65.48] 56.05 3502 32.14} 76.92 4157 22.40 55.31 30.27 13.00 22.40
16 §47.98 5531 34.53 23.23144.73 28.00 20.38(71.11 47.98 4002} 53.73 33.09 20.381 7432 46.35 21.99 57.85 30.27 13.00 20.78
17 1 49.64 52.45 28.45 27.99|50.20 28.45 20.38)|69.85 45.89 39.51] 51.40 3214 28.00} 73.67 47.44 2118 53.39 30.27 13.00 18.8%
18 1 51.32 46.35 28.00 224415474 28.45 21.58]67.34 4688 4002| 49.07 3405 28.00}80.22 50.76 20.78 49.64 27.11 13.00 18.8%
19 [ 52.45 46.89 28.00 31.57|48.64 28.45 2078:67.34 4744 40.02| 4574 33.00 28.00[8358 5765 20.38 49.64 2536 13.00 28.90
20 | 52.45 37.49 28.00 28454527 28.00 20.78161.82 4744 3951| 4442 3214 28.00|77.58 53.02 19.98|42.62 55.89 24.50 13.00 25.79
21 15416 32.62 28.00 24.6314157 2845 10.98|62.42 46.35 44.73| 42.09 3551 2800|7562 49.00 2078|4314 55.80 24.08 1200 24.50
22 180.61 30.27 2240 22.40{39.51 28.00 19.589|66.08 47.44 49.08] 41.05 44.73 25.79|70.48 46.89 22.82|46.35 40.09 23.23 13.00 23.23
23 18548 29.36 16.92 2118|37.99 28.00 19.20|72.39 48.53 48.64| 41.57 4282 25.36|73.03 4420 2365|5020 37.49 2450 13.00 19.98
24 16921 28.90 16.18 19.98[36.99 28.00 19.59| 7890 47.44 46.35| 40.54 4157 24.08|71.75 42.62 24.08| 5580 28.00 21.18 13.00 18.43
25 | 7432 2845 15.46 1881|4262 2711 19.60]76.27 43.67 48.00| 41.05 4054 23.23|72.30 42.00 25.36(5824 923 16.18 13.00 19.59
26| 78.92 2711 16,18 18.81|54.16 286.67 19.59| 75.97 41.05 4064 4262 3900 2282|6021 4157 22.82| 58.83 15.82 12.00 18.81
27 | 75.62 24.30 15.46 18.43|47.98 26.23 19.59| 75.62 40.02 41.57 36,49 22.40|60.61 31.87 24.08|57.85 15,46 12.00 18.43
28 | 73.67 2323 1546 18.43]45.27 26.23 19.59| 78.27 39.00 40.34 34,53 21.89160.81 30.74 25736(55.21 1510 12.00 19.20
29 E71.75 2240 14.75 18.04|42.09 25.79 19.59(74.97 37.99 39.51 3357 219916242 2981 271115188 1510 12.00 20.38
30 | 71.75 2240 1475 18.04|39.51 24.93 19.39| 7048 3%.00 39.00 3214 21.89} 6242 28.45 28.9C1} 43.67 15,10 12.00 2365
31 21.99 1548 37.49 2493 65.48 40.02 39.51 30.74 64.25 28.00 38.50 14.75 12.00
avg 57.39 49.20 20.26 18.59 50.96 28.94 2345 71.29 51.57 39.00 5500 37.768 2920 70.34 4648 24.16 6019 44.95 45.63 13.11 18.84
May avg= 42.32 {4years)
Jun avg=  60.82 {7years)
Jubavg=  55.06 {1lyears)
Aug avg=  31.80 (12years)
Sepavg= 2522  (liyears)
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Appendix C - Ditch Flow Records

Four Lakes & French Creek(2 of 3}

1986 1987 | 1989 1990 1991
Jun Jul Aug  Sep Jun Jul Aug  Sep | May  Jun Jub Aug  Sep | May  Jun Jul Aug  Sep | Jun Jul  Aug
1 78.20 5760 85.50 4857 55.88 46.35 45.81 73.03 48.09 18.81 47.44 8121 33.57 12.03|27.80 43.10 24.90
2 78.20 53.60 65.50 47.00 50.00 43.14 53.59 73.03 4581 17.67 36.00 63.03 30.27 11.71}50.80 40.00 24.10
3 86.30 50,20 44.70 46.00 42.62 40.54 5416 73.87 42090 17.29 29.81 ©65.48 28.00 11.38(60.60 42.10 21.80
4 80.20 52.40 39.00} 48.09 45.00 40.00 45.27 4788 7432 39.00 16.92 40.02 58.83 3850 14.05(6550 4530 21.20
5 69.20 53.00 51.90| 83.58 44,00 36.71 51.32 51.88 76,27 36.49 10.13 54.74 57,06 3167 1582|63.60 4850 20.00
<] 63.60 50.20 57.10 43.87 37.00 48.35 62.42 77.58 4209 58.24 58.83 2755 14.75|65.80 51.90 17.3C
7 63.00 48.00 56.50 40.00 37.839 49.864 67.34 76.27 44.20 5416 5416 25.36 14.05168.60 50.20 20.4C
8 61.80 48.00 50.20| 113.80 37.8¢ 35.00 49.64 76.92 73.67 42.62 53.59 50.76 2536 13.03i63.00 45.20 24.10
g 60.00 55.90 53.00 50.00 3500 47.44 7432 71.11 38.51 54.74 50.20 26.67 13.03§59.40 4580 21.80
10 80.00 50.20 88.00] 74.97 78.24 3282 44.73 75.62 71.75 37.49 64.86 47.44 33.57 12.36}58.80 43.7¢ 20.00
11§ 83.80 78.20 46.40 62.40 70.00 30.00 415716921 8598 71.11 41.57 69.85 44.73 4054 11.38}63.00 37.50 21.60
12 [ 86.30 69.80 44.20 54.70| 74.97 70.00 29.81 37.99163.03 82.23 73.03 42.62 54.74 39.00 41.05 10.44|66.70 36.00 20.80
13 | 89.00 83.00 43.10 350.80 §2.42 29.36 355185531 71.75 78.24 39.00 43.14 41.05 3849 953 |68.00 3750 21.20
14 [ 91.10 86.70 40.00 49.10 65.00 34.53 31.67|47.98 71.11 87.34 328.00 41.08 4157 3405 ©.23 {8490 38.00 18.20
15 | 92.50 £8.60 37.50 4640 65.00 46.89 31.20| 46,890 77.58 61.82 34.05 49.64 38.51 31.67 8.65 | 54.20 39.00 18.40
16 | 91.10 68.00 36.00 42.10 85.00 43.67 3749|4798 87.67 58.24 31.57 50.76 38.50 27.11 8,94 | 4850 39.00 18.00
17 19040 88.60 3550 37.50} 70.48 68.50 36.40 3549|4744 7562 5358 30.27 46.89 37.48 2450 9.83 [ 51.30 3550 16.890
18 1 89.00 63.00 35.00 35.00 65.00 32.82 33.09]51.32 7048 4984 31.20 54.16 33.57 23.85 923 |54.70 35.00 16.20
19 193.90 58.80 35.00 33.60} 78.24 60.00 22.81 31.20] 5416 72.39 4853 32.82 52.45 34.05 22.82 19.59|58.20 32.60 1580
20 | 92.50 57.00 41.60 30.30 58.80 28.00 28.81|4262 7367 49.684 32.14 80.61 83.64 2240 18.04(63.00 29.80 15.80
2118290 5590 4310 28.40 60.00 27.55 28.00}42.08 69.21 50.78 31.20 55.31 8061 20.38 14.40]62.40 30.30 14.4C
22 | 76.30 53.80 51.30 26.20| 60.561 68.58 389.51 26.87|45.81 64.25 60.61 28.90 18.20 58.24 4909 18.43 12891 60.80 29.80 1340
23 180.20 5380 4530 24.50 60.00 35.51 25.79(533.02 59.42 76.27 27.55 2755 64.25 43.14 18.04 12.03:157.10 4280 12.70
24 18020 53.00 40.50 30.30} 47.98 57.60 27.98 24.93{50.20 56.48 71.11 286.23 36.00 6548 38.51 17.67 11.07| 5530 40.00 12.40
25§ 79.60 53.60 3800 30.30 60.00 53.58 24.08143.14 53.02 80.61 25.36 37.49 6548 36.99 16.18 53.60 4310 11.40
26 | 80.90 53.60 36.50 26.70| 74.32 55.00 60.02 23.23137.49 5416 5531 24.08 28.00 6384 3502 14.75 49.60 4420 §.50
27 186,30 51.3C 35.850 24.50 68.56 5824 22.82; 3749 5121 51.32 23.23 26.87 6384 3120 13.70 44.20 37.50
28 | 84.80 49.10 3310 23.80 65.00 54.16 22.40! 46.35 6£5.48 48.08 21.99 33.08 62.42 30.27 13.03 51.90 32.60
29 | 85.60 47.40 31.70 22.00| 45.09 80.61 5245 21.50(59.42 67.34 53.59 21.18 4473 60.61 43.67 12.36 50,20 28.50
30 | 78.90 57.00 31.20 2t.80 60.00 51.88 20.00|861.21 7111 5765 12.98 44,20 60.02 4788 12.69 5020 26.20
31 58.40 33.60 55.00 4964 51.88 54.74 18.58 47.44 39.51 12.69 25.80
avg 86.11 82.89 43.01 4171 7065 5841 40.47 3500 5019 66.71 64.29 33.31 16.16 34.44 5453 4636 2400 12390 57.03 3863 1807
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Four Lakes & French Creek(3 of 3)

1882

May

Jun
37.50
44,70
48.50
40.00
40.00

Jul
86.70
59.40
50.80
48.00
51.30

Aug
29.40
30.30
33.6G
31.70
28.50

Sep
11.70
11.10
9.80
10.10
11.40

W~ OGT B WP e

18.00
38.00
40.00
32.10

40.00
44.70
48.00
50.80
51.30

54.70
58.20
46.90
40.00
34.50

26.70
24.50
22.40
22.80
22.80

16.90
14.10
12.00
11.10
10.80

25.80
23.20
21.80
21.60
22.80

55.30
76.30
70.50
68.00
73.00

37.50
51.30
46.40
41.80
4470

21.20
20.00
18.40
16.80
15.80

10.80
1410
16.60
13.00
10.80

2710
20.40
26.70
26.50
45.80

58.20
49.60
54.70
61.20
66.70

39.50
36.00
38.00
58.40
57.10

27,80
32.10
23.70
20.40
18.00

10.10
10.10
9.50
8.80
8.40

51.90
5C.20
46.40
52.50
44,70

68.00
80.20
76.80
80.20
80.20

71.10
53.60
51.90
48.60
45.80

18.00
17.30
22.00
21.60
18.40

8.10
7.50
7.00
8.20
10.80

38.00
37.50
39.50
37.50
39.50
40.00

76.30
74.30
73.7C
73.00
75.00

41.60
39.00
37.50
36.00
3210
28.80

15.50
13.00
11.10
11.40
10.40
11.40

10.10
8.50
8.90
8.0
8.40

avg

35.08

81.23

46.77

21.18
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APPENDIX D

Summary of Diversions and Depletions
Based on Water Rights on File at the
Wyoming State Engineer's Office



Clear Creek Segment No. 2

Appendix D

Summary of Diversions and Depletions Based on Water Rights on File at the Wyoming State Engineer's Office

Depletions(cfs) Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 irrigation 114.70 114.70 114.70 114.70 114.70 114.70
% of waterright used 85.00 85.00 113.60 138.00 92.00 98.00
diversion actually used(cis)} 97 .48 97.49 129.61 158.28 165.52 112.40
Depletions(cfs) 48.75 48.75 §4.80 79.14 52.76 556.20
2 storage 12917 12917 129.17
% of waterright used 8§7.00 87.00 113.00
diversion actually used{cfs) 112.38 112.38 145.96
Cepletions{cfs) 112.33 112.38 145.98
3 municipal 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50
% of waterright used  100.00 100.00 100.00 100.00 160.00 100.00 150.00 100.00 100.00 100.00 10G.00 100.00
diversion actually used{cfs) 12.50 12.80 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50
Depletions{cfs) 12.50 12.50 12.50 12.50 12.50 12.58 12.50 12.5¢ 12.50 12.50 12.50 12.50
Filed Water Right
Total Diversions 12.50 12.50 12.50 12.5¢ 12.50 12.30 256.37 256.37 256.37 127.20 127.26 127.20
Total Depletions 12.50 42.50 12.50 12.50 12.50 12.50 198.62 168.02 199.02 £9.85 59.85 59.55
Actual
Total Diversions 12.50 12.50 12.50 12.50 12.50 12.50 222.37 222.37 288.67 170.78 118.02 124.90
Total Depletions 12.80 12.50 12.50 12.50 12.50 42.50 173.82 173.62 223.27 91.64 £5.28 88.70
Return flows based on {.50 X diversions for irrigation, 1.00 X diversions for storage, and 0 X diversions for municipal)
Depletions based on (.50 X diversions for irrigation, 1.00 X diversions for storage, and 1.00 X diversions for municipal)
The municipal diversions return below the gage; therefore 100% was used for depletions and 0% for return flows
Summary of Diversions and Depletions Based on Water Rights on File at the Wyoming State Engineer's Office
Clear Creek Segment No. 1 Cet Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Diversion type(cfs)
1 irrigation 102.88 102.88 102.88 102.88 102.88 162.88
2 storage 104.06 104.06 104.06
3 municipal 5.39 5.39 5.38 5.38 5.39 5.39 5.39 5.38 5.39 5.38 5.3¢ 5.39
Total Diversions 5.38 5.39 5.38 5.38 5.39 5.38 212.32 212.32 212.32 108.26 108.26 108.28
Depletions{cfs)
1 irrigation 51.44 51.44 51.44 51.44 51.44 51.44
2 storage 104.08 104.08 104.06
3 municipal 5.38 5.39 5.39 5.39 5.32 5.39 5.3¢ 5.39 5.39 5.39 5.39 5.39
Totai Depletions 5.39 5.39 5.39 5.39 5.39 5.39 160.88 160.88 160.88 58.82 56.82 58.82

Return flows based on (.50 X diversions for irrigation, 1.00 X diversions for storage, and 0 X diversions for municipal)
DOepletions based on (.50 X diversions for irrigation, 1.00 X diversions for storage, and 1.00 X diversions for municipal)
The muricipal diversions return below the gage; therefore 100% was used for depletions and 0% for return flows
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APPENDIX E

Game & Fish Reports



NOTE: Do not fold this form. Use type-
writer or print neatly with black
ink.

STATE OF WYOMING

OFFICE OF THE STATE ENGINEER
APPLICATION FOR PERMIT TO APPROPRIATE SURFACE WATER

THIS SECTION IS NOT TO BE FILLED IN BY APPLICANT

Filing/Priority Date

THE STATE OF WYOMING,
STATE ENGINEER'S OFFICE ) ' J
This instrument was received and filed for record on the _6th day of October AD. i
1994 a 9:40  oclock __A. M.

State Engineer

Recorded in Book of Ditch Permits, on Page

Fec Paid $.50.00 MapFiled B
Temp.
WATER DIVISION NO. 2 DISTRICTNO. ____ 2 Filing No. .28 5/302
PERMIT NO.

NAME OF FACILITY _ CLEAR CREEK INSTREAM FLOW SEGMENT NO. 1

. Name(s). mailing address and phone no. of applicant(s) is/are
oming Water Development Commission, Herschler Building,

Cheyenne, Wyoming 32002

{1 more than ene applicant. designate one 19 act 3s Agent for the others)

. -

d

2. Name & address of agent to receive cor and

5400 Bishop Boulevard, Cheyenne, Wyoming 82002
3. (a) The use to which the water is to be applied is instream flow

(b) If more than one beneficial use of water is applied for, the location and ownership of the point of use must be shown in item
10 of the application and the details of the facilities used to divert and convey the appropriation must be shown on the map in sufficient
detail to allow the State Engineer to establish the amount of appropriation. In multiple use applications, stock and domestic purposes
are limited to 0.056 cubic feet per second.

4. The source of the proposed appropriation is Clear ek ibuta r River

nt Ot tne mstream t].OW 1S trom the confluence of North CUlear (reek .
y 1e X20000K 1N

—and—South—Clear—Creelke
mtmwmd&cnon 7 T. S0 N, k_a.".__.__w 0eoeooae to the
of Section 10 T. 50 N., R.

Lpomt of diversion of the Buffalo Water Wagon Pipeline and Dltch in the SE 1/4 NW 1/4
6. Are any of the lands crossed by the proposed facility owned by the State or Federal Government? If 50, describe lands and indicate whether
State or Federally owned.
Yes. ng4smg4, NW1[4NEIZ4SEI£4, S1/2NE1/4SE1/4, Section 7; SE1/4SW1/4, -
S1/2SE1/4, Section 8; Lots 3 and 4, Section 17; S1/2SW1/4, SW1/4SE1l/4, Section 9;

Lots 3, 4, 5, and 6, Section 16 are federally owned (Bighorn National Forest.)

7. The carrying capacity of the ditch, canal, pipeline or other facility at the point of diversion is see remarks cubic

feet per second.

8. Theac
cations and is hereby declared 2 part of this application. The State Engineer may require the filing of detailed construction plans.

panying map is prepared in accordance with the State Engineer's Manual of Regulations and Instructions for filing appli-

9. The estimated time required for the commencement of work is 30 days for completion of construction is

30 days and 10 complete the appli of water to the beneficial uses stated in this application is

30 days from issue

Permit No. Page No.

{Leave Blank)



10. The land to be irrigated under this permit is described in the following tabulation. (Give irrigable acreage in each 40-acre subdivi-
sion. Designate ownenship of Jand, Federal, State or private. If private, list names of owners and land owned separately.) If application
is for stock, domestic, or for purposes other than irrigation, indicate point of use by 40-acre subdivision and owner.

NEY% NwW¥% SwW¥% SEY

Township| Range| Sec. |NEY%|NWYISWY|SEY [NEY[NWYISWY]SEY |NEY|NWXISW Y] SEY NE%INWK SWY|SE¥%|] TOTALS

—SON B3N 7 X |X

17 XX

16 [ XX ndEy

15

10 X1 X X

Number of acres to receive original supply
Number of acres to receive supplemental supply

Total number of acres to be irrigated

REMARKS
Item #7 - Based on the results of a study completed in 1989 and data analysis in 1994

he_Wyoming (Game and h Departmen attached) a flow gnt o O
requested from October 1 to Ma 31 to maintain hydraulic conditions for trout
survival. A flow of 40 cfs is requested from April 1 to June 30 to maintain the

existing Ievel of juvenile trout survival. A flow of 3U Cis 1s requested rrom
_July 1 to September 30 to maintain the existing level of trout production.

Instream flow October 1 to March 31 7.9 cfs
April 1 to Jume 30 40.0 cfs
July 1 to September 30 30.0 cfs

Stream length 4.9 miles

A gage will be part of the construction of proposed Tie Hack Reservoir in T.50 N.,
R.84 W. If additional information is required, a gage will be constructed at or
near the downstream end of the instream Ilow segment.

Intervening permits - see accompanying map

Under penalties of perjury, I declare that | have examined this application and to the best of my knowledge and belief it is true, correct

and complete.
//%fx/?— Lo ¥

Applicanfor Agemt
St T 26

PP Rckacf 7 wrege,



Form S.W. 1

Rev. 988 NOTE: Do not fold this form. Use type-
writer or print neatly with black
ink.

STATE OF WYOMING

OFFICE OF THE STATE ENGINEER
APPLICATION FOR PERMIT TO APPROPRIATE SURFACE WATER

THIS SECTION 1S NOT TO BE FILLED IN BY APPLICANT

Filing/Priority Date
THE STATE OF WYOMING, ss
STATE ENGINEER'S OFFICE
This instrument was received and filed for record on the 6th day of
19 94 at 9:40 o'’clock A. M.

October A.D.

State Engineer ||

Recorded in Book of Ditch Permits, on Page

Fee Paid §_50.00 ~  MapFiled _E___ . |
Temp.
WATER DIVISION NO. 2 DISTRICT NO. 2 Filing No. 28 6/302
PERMIT NO.

NAME OF FACILITY CLEAR CREEK INSTREAM FLOW SEGMENT NO. 2

. Name(s). mailing address and phone no. of applicant(s) is/are
Wyoming Water Development Commission, Herschler Building,

Cheyenne, Wyoming 82002

{If more than one applicant. designate one 10 act 25 -\gﬂu for the athers)

d

2. Name & address of agent to reccive corresp

__smmmsmmmd,_mmm_,_mmz 82002

3. (a) The use to which the water is to be applied is Instream flow

(b) If more than one beneficial use of water is applied for, the location and ownership of the point of use must be shown in item
10 of the application and the details of the facilities used to divert and convey the appropriation must be shown on the map in sufficient
detail to allow the State Engineer to establish the amount of appropriation. In multiple use applications, stock and domestic purposes
are limited to 0.056 cubic feet per second.

Clear Creek, tributary Powder River

4. The source of the proposed appropriation is

ement of the instream Ilow is from the point of diversion of the Buffal l&m

5. Thexpaihoebduasonobdacmupaabeadedotoond

X0@€ of Section _10 T. N..R. _8 W.. and%GRX to the
To A POWT Afpas)

g‘ SE% NWA of Section I € 1. 50 N. R 82 W. oo devsrcasn o
iversion—of-the Johnson County Ditch-in-the-NW-1/4-SW-1/4; VSGS GAGE OL318500

6. Are any of the lands crossed by the proposed facility owned by the State or Federal Government? If so, describe lands and indicate whether

State or Federally owned.

No

see remarks cubic

7. The carrying capacity of the ditch, canal, pipeline or other facility at the point of diversion is

feeu per second.

8. The accompanying map is prepared in accordance with the State Engineer's Manual of Regulations and Instructions for filing appli-

cations and is hereby declared a part of this application. The State Engineer may require the filing of detailed construction plans.

9. The estimated time required for the commencement of work is 30 days for completion of construction is
30 days and to complete the applicaton of water to the beneficial uses stated in this application is

___30 days from issue

Permit No. ! Page No.

tleave Blank)



10. The land to be irrigated under this permit is described in the following tabulation. (Give irrigable acreage in each 40-acre subdivi-
sion. Designate ownership of land, Federal, State or private. If private, list names of owners and land owned separately.) If application
is for stock, domestic, or for purposes other than irrigation, indicate point of use by 40-acre subdivision and owner.

NEY% NW¥% SW¥ SEY
Township| Range| Sec. |NEY%|NWY|SWY|SEY INEYINWYISWY| SEY INEYINWYISWK|SEY INEYINWY|SWY|SEX | TOTALS
SO N| 83w 10 | X | X X X
3 X
2 X X X] X} X4 X
LT et 3
1 X1 X X1 X
50 N| 82w 6 X ]| X X |X X1 X X
5 X
Number of acres to receive original supply
Number of acres to receive suppl tal supply
Total number of acres to be irrigated
REMARKS

Item # 7 - Based on the results of a study conducted in 1989 and data analysis in

1994 by the Wyoming Game and Fish Department (attached) a flow right of 6.0 cfs is
Tequested from October 1 to March 31 to maintain hydraulic conditions for trout
survival. A Ilow of 40 cfs is requested from April to June 30 to maintain the

existing level of juvenile trout survival. A flow of 25 cfs is requested from

Tuly 1 to Sentemher 30 to maintain the existing level of ot

Instream flow October 1 to March 31 6.0 cfs oK
April 1 to June 30 40.0 cfs ox
July 1 to September 30 25.0 cfs 2k

(at downstream end)

3.2

Stream length - 472 miles

Intervening permits - see accompanying map

g i "
T.50 N., R.84 W. If additional information is required, a gage will be installed
at or near the downstream end of the instream flow segment.

Under penalties of perjury, 1 declare that I have examined this application and to the best of my knowledge and belief it is true, correct
and complete.

//0—«9,&/539




STATE OF WYOMING
APPLICATON FOR PERMIT TO APPROPRIATE SURFACE WATER

NAME OF FACILITY Clear Creek - Instream Flow Segment No. 1

1. Name(s), mailing address and phone no. of applicant(s) is/are Wyoming Water
Development Commission, Herschler Building, Chevenne, WY 82002

2. Name & address of agent to receive correspondence and notices Francis
Petera, Wyoming Game and Fish Department, 5400 Bishop Boulevard, Cheyenne, WY
82002: Michael Purcell, W.W.D.C., Herschler Bldg., Cheyenne WY 82002

3. (a) The use to which the water is to be applied is Instream Flow

4. The source of the proposed appropriation is Clear Creek tributary of the

Powder River

Instream flow segment extends from the confluence with North Clear Creek at
1 /4 SE1/4 of section 7_T __50 N., R 83 W. downstream to the City of
ffalo water diversion at NW1/4 of section 10 T _50 N., R _ 83 W. Length of
stream is approximately miles. (Fill in correct segment length)

iz

6. Are any of the lands crossed by the proposed facility owned by the State or
Federal Government? 1If so, descrige lands and indicate whether State or Federally
owned.
The land crossed by this stream segment in the NW1/4SEl/4 of Section 7, TS5ON.,R83W
and in the N1/2SW1/4 of Section 8, TS50ON., R83W. is privately owned. The land
crossed by this stream segment in the N1/2SW1/4 and the SE1/4NW1/4 of Section 10,
TS5ON., R83W. is privately owned. The land crossed by this stream segment in the

NW1l/4 of Section 15, T50., R83W. is privately owned. All other lands crossed by
this stream segment are federally owned. (Double check land ownership)

7. The carrying capacity of the ditch, canal, pipeline or other facility at the
point of diversion is see remarks cubic feet per second.

8. The accompanying map is prepared in accordance with the State Engineer'’s
Manual of Regulations and Instructions for filing applications and is hereby

devlared a part of this application. The State Engineer may require the filing of
detailed construction plans.

9. The estimated time required for the commencement of work is 30 days ,
for completion of construction is 30 _days , and to complete the
application of water to the beneficial uses stated in this application is 30

days .



Remarks

MONTHLY INSTREAM
FLOW REQUESTED

Month Flow (cfs)
October 7.9
November 7.9
December 7.9
January 7.9
February 7.9
March 7.9
April 40
May 40
June 40
July 30
August 30

September 30

Based on the results of a study completed in 1989 and data analysis in 1994 by the
Wyoming Game and Fish Department (attached) a flow right of 7.9 cfs is requested
from October 1 to March 31 to maintain hydraulic conditions for trout survival. A
flow of 40 cfs is requested from April 1 to June 30 to maintain the exisitng level
of juvenile trout survival. A flow of 30 cfs is requested from July 1 to
September 30 to maintain the existing level of trout production.



STATE OF WYOMING
APPLICATON FOR PERMIT TO APPROPRIATE SURFACE WATER

NAME OF FACILITY Clear Creek - Instream Flow Segment No. 2

1. Name(s), mailing address and phone no. of applicant(s) is/are___ Wyoming Water
Development Commission, Herschler Building, Cheyemne, WY 82002

2. Name & address of agent to receive correspondence and notices Francis
Petera, Wyoming Game and Fish Department, 5400 Bishop Boulevard, Cheyenne, WY
82002; Michael Purcell, W.W.D.C., Herschler Bldg., Cheyenne WY 82002

3. (a) The use to which the water is to be applied is Instream Flow

4. The source of the proposed appropriation is Clear Creek tributary of the

Powder River

5. Instream flow segment extends from the City of Buffalo water diversion

at NW1/4 of section ig T _50 N., R__83 W._ downstream to the Johnson County
Ditch at NW1/4 SW1/4 of section S T 50 N., R_ 82 W. The length of stream is
approximately miles. (Fill in correct segment length and double check
Township & Range locations)

6. Are any of the lands crossed by the proposed facility owned by the State or

Federal Government? If so, describe lands and indicate whether State or Federally
owned.

(Fill in this section)

7. The carrying capacity of the ditch, canal, pipeline or other facility at the
point of diversion is see remarks cubic feet per second.

8. The accompanying map is prepared in accordance with the State Engineer'’'s
Manual of Regulations and Instructions for filing applications and is hereb{
devlared a part of this application. The State Engineer may require the filing of
detailed construction plans.

9. The estimated time required for the commencement of work is 30 days ,
for completion of construction is 30 days , and to complete the
application of water to the beneficial uses stated in this application is 30

days .



Remarks

MONTHLY INSTREAM
FLOW REQUESTED

Month Flow (cfs)
October 6.0
November 6.0
December 6.0
January 6.0
February 6.0
March 6.0
April 40
May 40
June 40
July 25
August 25

September 25

Based on the results of a study completed in 1989 and data analysis in 1994 by the
Wyoming Game and Fish Department (attached) a flow right of 6.0 cfs is requested
from October 1 to March 31 to maintain hydraulic conditions for trout survival. A
flow of 40 cfs is requested from April 1 to June 30 to maintain the exisitng level
of juvenile trout survival. A flow of 25 cfs is requested from July 1 to
September 30 to maintain the existing level of trout production.



WYOMING GAME AND FISH DEPARTMENT

FISH DIVISION

ADMINISTRATIVE REPORT

TITLE: Instream Flow Studies on Clear Creek
PROJECT: IF-3094-07-9301
AUTHOR: Paul D. Dey and Thomas C. Annear
DATE: August 1994

ABSTRACT

Data collected in earlier studies (Vogt 1989, Appendix 1) were used to
determine instream flows needed to maintain the trout fishery in the Class 2 section
of Clear Creek. The Class 2 reach was divided into two contiguous sections based on.
differences in the fishery, geomorphology and hydrology. Separate instream flow
recommendations were developed for each section.

Physical Habitat Simulation (PHABSIM), the Habitat Quality Index (HQI), and a
Habitat Retention method were used to derive flow recommendations. Recommendations
for the reach from the North Fork Clear Creek confluence downstream to the City of
Buffalo diversion are: April 1 - June 30 = 40 cfs, July 1 - September 30 = 30 cfs,
October 1 - March 31 = 7.9 cfs. Recommendations for the reach from the Buffalo
water diversion downstream to Johnson County Ditch are: April 1 to June 30 = 40 cfs,
July 1 to September 30 = 25 cfs, October 1 to March 31 = 6.0 cfs.

INTRODUCTION

Since 1983, the City of Buffalo and Wyoming Water Development Commission (WWDC)
have proposed several alternatives for developing an additional municipal water
supply. Proposed construction alternatives involved reservoir development in the
Clear Creek drainage. Instream flow data were collected by the Wyoming Game and
Fish Department (WGFD) at several locations in the Clear Creek drainage in 1987
through 1989 to evaluate potential habitat losses and fishery enhancement
opportunities associated with water development plans (Appendix 1, Vogt 1989).
These data indicated that the proposed Tie Hack dam would provide opportunities for
providing instream flows per state water law for maintaining fishery values.

Trout stream classifications throughout Wyoming were developed by WGFD and
range from Class 1 (highest quality) to Class S (lowest quality). Clear Creek from
the confluence of the North Fork of Clear Creek to the Johnson County Ditch is
classified as a Class 2 trout stream and is managed as a wild trout fishery. Less
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Scale: 1 inch = approximately 2 miles

Figure 1. Clear Creek Study Sites.



than 7% of all Wyoming stream miles are classified as Class 2 or better. This
section of Clear Creek contains naturally reproducing (wild) populations of rainbow,
brown and brook trout and receives no fish from department hatcheries.

Coincident with the important fishery values represented in this reach of Clear
Creek, the public has expressed interest in maintaining instream flows for this
fishery. For these reasons, these stream segments are considered critical.

Specific objectives included 1) determine instream flows necessary to maintain
hydraulic characteristics important for fish passage through riffle areas and
survival of trout and aquatic insects at all times of the year, 2) determine
instream flows necessary to maintain adult trout production during the late summer
months, and 3) determine instream flows necessary to maintain juvenile trout
production during the spring months.

DESCRIPTION OF THE STUDY AREA

Clear Creek from the confluence of the North Fork of Clear Creek to the City of
Buffalo diversion has a steep gradient, and stream habitat is dominated by cascading
riffles and plunge pools. Clear Creek below the city diversion to I-25 has a more
gentle gradient and contains long sections of swift-moving water characteristic of
run habitat. Substrates in both reaches consist mainly of cobble and boulder.

METHODS
Study Sites

Data collected in 1989 studies were used to develop instream flow
recommendations (Appendix 1, Vogt 1989). Study sites were established on Clear
Creek approximately 1/2 mile upstream from the City of Buffalo diversion structure
(CC1; TSON, R83W, S10) and near the abandoned Pacific Power and Light (PPL)
powerplant 4 miles west of Buffalo (CC2; TSON, R82W, S 6; Fig. 1). Results obtained
at site CCl were applied to a 4.7 mile segment of Clear Creek from the confluence of
the North Fork of Clear Creek to the City of Buffalo diversion structure. Results
from site CC2 were applied to the 5.3 mile segment of Clear Creek between the City’'s
diversion and the Johnson County Ditch. Based on the different fish habitat
characteristics and hydrology above and below the Buffalo diversion, slightly
different instream flow recommendations resulted for these reaches.

In the 1989 report (Appendix 1), the first major irrigation diversion
structure below site CC2 was erroneously referred to as the Six Mile Ditch. This
ditch is actually called the Johnson County Ditch and this terminology was used in
this report.

Methodologies

A Habitat Retention Method (Nehring 1979) was used to identify fisheries
maintenance flows for each of the two identified Clear Creek segments. A
maintenance flow is defined as a continuous flow that will maintain minimum
hydraulic criteria in riffle areas within a stream segment. These criteria are



important at all times of year to maintain passage between different habitat types
for all life stages of trout. These criteria are also important for maintaining
survival rates of fish and aquatic macroinvertebrates during the winter that
approximate rates observed under natural stream flow conditions. -Data from single
transects placed across riffles at sites CCl and CC2 were analyzed with the IFG-1
computer program (Milhdus 1978). These data were collected at various stream
discharges at each site (Table 1). Based on extensive research on instream flow
methods on Wyoming streams by Annear and Conder (1983), the maintenance flow is
identified as the discharge at which two of the three hydraulic criteria are met for
all riffles in the study area (Table 2). Maintenance flows apply to all times of
the year except when higher stream flows are required to meet other fishery
management objectives.

Table 1. Dates and discharges when instream flow data were collected.

Site Date(s) Discharge (cfs)
CC1l 6-27-89 147

8-09-89 84

9-12-89 43
CC2 5-24-89 120

8-08-89 79

9-14-89 33

Table 2. Hydraulic criteria used to obtain an instream flow recommendation using
the Habitat Retention Method.

Category Criteria
Average Depth (feet) Top widthl x 0.01
Average Velocity (feet per second) 1.00
Wetted Perimeter (percent)?2 60

1 - At average daily flow
2 - Compared to wetted perimeter at bank full conditions

The Habitat Quality Index (HQI) developed by the Wyoming Game and Fish
Department (Binns and Eiserman 1979) was used to estimate potential changes in trout
standing crops over a range of late summer flow conditions. This model was
developed by the WGFD after several years of testing and model refinement. The
model incorporates nine attributes that address chemical, physical, biological, and
hydrological components of trout habitat. Results are expressed in trout habitat
units (HU). One HU is defined as the amount of habitat quality which will support 1
pound of trout.

By measuring habitat attributes at various flow events as if associated habitat
features were typical of average flow conditions, HU estimates can be made for a
variety of stream flow scenarios (Conder and Annear 1987). Habitat attributes were
measured at each site at several discharges (Table 1). To better define the
potential impact of other flow scenarios on trout production, some attributes were



derived mathematically or obtained from existing gage data. Gage data were obtained
from USGS gage #6318500 located on Clear Creek mear site CC2.

A physical habitat simulation model (PHABSIM) developed by the Instream Flow
Service Group of the U.S. Fish and Wildlife Service (Bovee and Milhous 1978) was
used to examine incremental changes in amount of physical habitat available for
rainbow and brown trout spawning at various discharges. This model is widely
considered to reflect state-of-the-art technology for evaluating fisheries physical
habitat changes with changes in stream flows and is widely used throughout North
America.

The amount of physical habitat at a given discharge is expressed in terms of
weighted usable area (WUA) and reflects the composite suitability of depth, velocity
and substrate at a given flow. Depth, velocity and substrate data were collected at
sites CCl and CC2 at several different flow levels (Table 1) in accordance with
guidelines given by Bovee and Milhous (1978). Suitability curves for brown and
rainbow trout juveniles are from Bovee. 1978. Weighted Usable Area for rainbow and
brown trout juveniles was simulated for a range of flows at each site with
calibration and modeling techniques outlined by Milhous (1984) and Milhous et al.
(1984). To standardize this analysis for both species, data were converted to
percent of the maximum WUA using the following formula:

$ MUA = (WUAQ / WUAMax) * 100

Where Q an individual flow level
and MAX = the maximum WUA for a particular analysis

Critical fish species and life stages in Clear Creek were identified (Table 3).
Critical species are defined as those species identified by WGFD as the main fishery
resource for a particular stream. In the case of Clear Creek, management efforts
focus on maintaining both rainbow and brown trout populations but rainbow trout have
a higher priority. Therefore, PHABSIM-derived flow recommendations were based on
habitat requirements of rainbow trout. Analyses indicated that brown trout habitat
would be maintained at flow levels recommended for maintaining rainbow trout
habitat.

Critical life stages are those life stages most sensitive to environmental
fluctuations. Population integrity is sustained by providing adequate flow for
critical life stages. In many cases, Rocky Mountain stream populations are
constrained by spawning and young (fry and juvenile) life stage habitat bottlenecks
(Nehring and Anderson 1993). On Clear Creek, observations indicate that juvenile
habitat during the spring months is likely a critical factor influencing trout
populations. The spring months can be stressful to trout because energy reserves
are low following winter and food is not yet plentiful. Fish energy expenditures
can be relatively high in association with high flows during spring runoff and limit
their distribution, growth and survival. Therefore, instream flow recommendations
for April, May and June were developed based on juvenile trout requirements (Table
3). The PHABSIM system was used to derive these recommendations.

During the summer months, trout production is most directly related to growth
and survival of adult fish. The HQI model was developed to determine suitability of
late summer habitat for adult fish production This model was used to determine the



instream flow necessary to maintain existing levels of trout production during the
months of July, August and September (Table 3).

As in many Rocky Mountain streams, survival of all life stages during winter
months is a key factor influencing trout populations in Clear Creek. Winter trout
survival is maintained at flow levels determined with the Habitat Retention model
(see pg. 23, Appendix 1). Therefore, the Habitat Retention model was used during
the low flow winter months (October through March) to determine instream flows
necessary to maintain trout populations (Table 3).

Table 3. Critical species and life stages considered in development of instream
flow recommendations for Clear Creek. Numbers indicate method used to
determine flow requirements.

[ | i i | I 1] I | i ] 1 1 1
| SPECIES LIFE STAGE|JAN|FEB|MAR|APR|MAY |JUN|JUL|AUG|SEP|OCT | NOV|DEC|
{ l +—t+—t+—+—F—+—F—F—F—F——
|Brown trout |  Adult | | | | | | | ] 2] 1| | | |
{ | | ! ! { { ! l § | ! | ! |
i i 1 1 ! i 1 i i [} 1 { 1 1 ]
|Rainbow trout| Adult | | | | | | 1 S I R T | |

{ 1 i H | | ! i 1 [l | | § { |
i 1 1 i I ] 1 i i 1 1 { i ] i
|Brown trout | Juvenile | | | | 21 2] 2| | | | | |

L i ! i 1 | | i | 1 1 { ! | |
i 1 i i I | ] i I I | 1 | 1 1
|Rainbow trout| Juvenile | | | f 2] 2] 2| | | | | |
{ | i i { l ! | | | ! | ] | |
I I I} I i I | 1 | I i ] 1 I 1
|All species |All stages| 3 | 3 | 3 | | | | | | | 31 3] 3|
L 1 1 | { 1 | { ! i | 1 1 1 ]

- Habitat Quality Index
- PHABSIM
- Habitat Retention

w N

RESULTS AND DISCUSSION

Results were separated into two sections dealing with each of the identified
reaches (North Fork Clear Creek confluence downstream to the City of Buffalo
diversion and Buffalo diversion downstream to Johnson County Ditch). All results
and recommendations for each stream section are included under the appropriate
heading.

North Fork Clear Creek confluence downstream to Buffalo Diversion

Results from the Habitat Retention model showed that flows of 7.5, 4.5, and 7.9
cfs are necessary to maintain winter survival of trout, aquatic insect production
and fish passage at riffles 1, 2, and 3, respectively (Table 4). The maintenance
flow recommendation derived from this method is defined as the flow at which two of
the three hydraulic criteria are met for all riffles in the study site, which in
this case is 7.9 cfs. The City of Buffalo has agreed to provide a maintenance flow
of 7.9 cfs (O’Grady 1992, Appendix 2).



Table 4. Simulated hydraulic criteria for three riffles on Clear Creek at site CCi.
Estimated bankfull discharge = 330 cfs; Estimated average daily dis-
charge = S1 cfs.

Average Average Wetted

Depth Velocity Perimeter Discharge

(ft) (ft/sec) (ft) (cfs)

Riffle 1
1.68 3.94 53.3 330.0
1.50 3.23 51.9 237.6
1.33 2.65 50.8 169.1
1.16 2.14 48.9 116.3
1.09 1.69 43.7 76.8
0.98 1.33 40.5 51.0
0.88 1.001 36.9 32.1
0.83 0.86 35.3 24.4
0.52 0.43 32.01 7.52
0.391 0.24 26.5 2.7
Riffle 2
1.54 4.59 47.8 330.0
1.49 4.21 47.4 288.4
1.38 3.17 44.6 188.9
1.34 2.32 39.7 119.3
1.26 1.64 36.2 72.1
1.14 1.27 35.4 51.0
1.05 1.001 34.9 35.7
0.82 0.58 33.9 15.8
0.57 0.25 28.71 4.52
0.341 0.05 15.3 0.6
Riffle 3

1.78 4.71 41.1 330.0
1.67 4.30 40.2 275.3
1.47 3.65 38.9 199.2
1.28 3.16 38.3 149.4
1.10 2.72 37.7 108.4
0.78 1.95 34.9 51.0
0.59 1.60 33.4 30.8
0.40 1.12 24.71 11.3
0.36 1.001 22.1 7.92
0.341 0.92 20.3 6.5

1 - Minimum hydraulic criteria met
2 - Discharge at which 2 of 3 hydraulic criteria are met



HQI analyses at site CCl indicate that at existing average late summer flow
conditions (35 cfs; from data presented in Goodwin and Hickman 1993), Clear Creek
from the confluence of the North Fork of Clear Creek to the City of Buffalo
diversion supports approximately 135 HUs per acre (Fig. 2). The analysis indicates
that this number of HUs is maintained at a range of average late summer flows of
between 30 and 45 cfs. At flows less than 30 cfs and greater than 45 cfs, the
number of HUs in this stream reach is reduced from existing levels.
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Figure 2. Number of potential trout habitat units at several late summer flow
levels in Clear Creek (CC1).

Based on the results from the HQI analysis, a late summer flow of 30 cfs is the
minimum stream flow that will maintain existing levels of trout production between
July 1 and September 30 and will meet or exceed the hydraulic criteria addressed by
the Habitat Retention Method.

PHABSIM analyses were conducted at site CCl to determine the relationship
between discharge and WUA for rainbow and brown trout juveniles. WUA was simulated
for flows ranging from 30 to 300 cfs. WUA for rainbow and brown trout juveniles is
maximized at discharges of 40 cfs and 30 cfs, respectively (Fig. 3). Since rainbow
trout have precedence over brown trout, the recommended instream flow for juveniles
is 40 cfs. At this flow level, brown trout still have 98% of maximum WUA (Fig. 3).
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Figure 3. Percent of maximum usable area (MUA) for brown trout (BNT) and rainbow
trout (RBT) juveniles at site CCl (Ice Cave).

PERCENT MUR

INSTREAM FLOW RECOMMENDATIONS

Based on the analyses and results outlined above, the instream flow
recommendations in Table 5 will maintain the existing Clear Creek trout fishery.
These recommendations apply to an approximately 4.7 mile segment of Clear Creek
extending downstream from the confluence with North Fork Clear Creek (TS50ON, R83W, S
7) to the City of Buffalo diversion (TSON, RB83W, S10).

Table 5. Summary of instream flow recommendations to maintain the existing trout
fishery in Clear Creek from North Fork Clear Creek to the City of Buffalo

diversion.
Time Instream Flow
Period Recommendation (cfs)
April 1 to June 30 40
July 1 to September 30 30
October 1 to March 31 7.9

This analysis does not consider instream flow needs for maintenance of channel
geomorphology and trout habitat characteristics. Presently, channel maintenance
flow needs are adequately met by natural runoff patterns. Following regulation,
additional studies and recommendations may be appropriate for establishing instream
flow needs for channel maintenance.



Buffalo Diversion downstream to Johnson County Ditch

Habitat Retention results indicate that flows of 6.2 and 6.8 cfs are necessary
to maintain winter survival of trout, aquatic insect production and fish passage
through riffles 1 and 2, respectively (Table 6). The maintenance flow
recommendation derived from this method is defined as the flow at which two of the
three hydraulic criteria are met for all riffles in the study site, which in this
case is 6.8 cfs. A third riffle, included in the original analysis (Vogt 1989), was
excluded from this analysis. A flow of 23.6 cfs would be necessary to maintain
hydraulic criteria at that riffle. Upon further review, however, it was concluded
that this flow prediction was an anomaly and the stream flow requirement at that
site would be excessive at all other riffles within this segment. A more accurate
maintenance flow is the 6.8 cfs defined by the other two riffles.

Table 6. Simulated hydraulic criteria for two.riffles on Clear Creek at site CC2.
Estimated bankfull discharge = 285 cfs; Estimated average daily dis-
charge = 44 cfs. :

Average Wetted

Depth Velocity- Perimeter  Discharge

(ft) (ft/sec) (ft) (cfs)

Riffle 1
1.68 4.62 39.5 285.0
1.57 3.96 37.7 217.2
1.47 3.31 35.2 159.1
1.32 2.72 33.9 113.1
1.17 2.19 32.6 77.6
0.93 1.58 31.3 44.0
0.77 1.24 30.7 27.7
0.62 1.001 29.9 18.1
0.42 0.62 23,71 6.22
0.291 0.41 17.8 2.2
Riffle 2

1.72 4.21 42.4 285.0
1.59 3.51 40.8 210.1
1.41 2.74 38.8 139.0
1.23 2.10 36.0 88.0
1.10 1.55 33.2 52.6
1.03 1.39 32.6 44.0
0.84 1.001 30.6 24.6
0.71 0.77 28.7 14.8
0.55 0.52 25.41 6.82
0.301 0.13 10.4 0.5

1 - Minimum hydraulic criteria met
2 - Discharge at which 2 of 3 hydraulic criteria are met

The City of Buffalo has agreed to maintain an instream flow of 6.0 cfs
(0'Grady 1992, Appendix 2) below the diversion using storage water from the proposed
Tie Hack Reservoir at times when natural flows are less than this amount. This flow
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level was identified by Vogt (1989)
trout habitat losses caused by reservoir development.
term annual streamflow variations via the HQI model was used as the basis for this
In this particular instance, our department has agreed that
maintenance of this flow level during the winter months will not significantly
compromise trout habitat requirements that were identified by the Habitat Retention
method because this flow will effect an overall positive fishery response.
impacts associated with periodic reductions in natural flows to 6.0 cfs will be more
than offset by the permanent assurance that instream flows will not fall below this
In this situation, the instream flow right would be junior to the
project sponsor’s right and would not negatively impact project feasibility; but,

determination.

same threshold.

(Appendix 1) as an amount. that would mitigate
Analysis of changes in long

could be fulfilled on a strict priority basis.

Therefore, an instream flow filing of 6.0 cfs will be made for the winter

period (rather than the 6.8 cfs identified by Habitat Retention).

supplemental filing for 6.8 cfs will be completed.

HQI analyses at Site CC2 indicate that at existing average late summer flow
conditions (from Goodwin and Hickman 1993) Clear Creek from the Buffalo City
diversion to the Johnson County Ditch supports approximately 59 HUs per acre (Figure
The analysis indicates that over the range of flows simulated, HUs are
maximized at 59 HUs per acre at late summer flows of between 25 and 35 cfs.
flows less than 25 cfs and greater than 35 cfs,

4).

reach is reduced from existing levels.
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If the Tie Hack
project is not completed, the fishery should be allowed to benefit from all
naturally available streamflows, as it does under existing, natural conditions, up

to the 6.8 cfs identified by the Habitat Retention method. In such a case,

the number of HUs in this stream



Based on the results from the HQI analysis, an instream flow of 25 cfs will
maintain existing levels of trout production between July 1 and September 30 and

will meet or exceed the hydraulic criteria addressed by-the Habitat Retention
Method.

The relationship between discharge and WUA for rainbow and brown trout
juveniles was analyzed at site CC2 using the PHABSIM model. Weighted Usable Area was
simulated for flows ranging from 10 to 400 cfs. Weighted Usable Area for rainbow
and brown trout juveniles is maximized at discharges of 40 cfs and 20 cfs,
respectively (Fig. 5). Since rainbow trout have precedence over brown trout, the
recommended instream flow for juveniles is 40 cfs. At this flow, brown trout still
have 94% of maximum WUA (Fig. 5).

PPL

JUVENILE

160.084 -
8.90 -
60.06
49.90
20.06

g-@@ I UL 1 1 | 1 1 1 | 1 UL | 1

6.00 20.0 4.0 79.8 126. 175. 250. 350.

1.6 33.8 60.0 180. 158. 200. 300. 408,
DISCHARCGE

Figure 5. Percent of maximum usable area (MUA) for brown trout (BNT) and rainbow
trout (RBT) juveniles at site CC2 (PPL).

PERCENT MUR

INSTREAM FLOW RECOMMENDATIONS

Based on the analyses and results outlined above, the instream flow recom-
mendations in Table 7 will maintain the existing Clear Creek trout fishery. These
recommendations apply to an approximately 5.3 mile segment of Clear Creek extending
downstream from the City of Buffalo diversion (T50N, R83W, S10) to the Johnson
County Ditch (TSON, R82W, S §5).
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Table 7.

Summary of instream flow recommendations to maintain the existing trout
fishery in Clear Creek from the City of Buffalo diversion downstream to
the Johnson County Ditch.

Time Instream Flow
Period Recommendation (cfs)
April 1 to June 30 40
July 1 to September 30 25
October 1 to March 31 (]

This analysis does not consider instream flow needs for maintenance of channel
geomorphology and trout habitat characteristics. Presently, channel maintenance
flow needs are adequately met by natural runoff patterns. Following regulaticn,
additional studies and recommendations may be appropriate for establishing instream
flow needs for channel maintenance.
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WYCMING GAME AND FISH DEPARTMENT
FISH DIVISION

AIMINISTRATIVE REPORT

TITIE: Buffalo Municipal Reservoir Project, lower Tie Hack Reservoir
PROJECT: IF-3089-09-8801
AUTHOR: Gerald F. Vogt, Jr.

DATE: December 1289

INTRODUCTION

The City of Buffalo has applied to the Wvoming Water Development Commission
(WWDC) for assistance in development of an additional municipal water supply. In
1984, 15 locations were selected as possible sites for reservoirs; however, this list
has been reduced to the Upper and Lower Tie Hack Sites. The lower Tie Hack Site has
been identified as the preferred dam site. The proposed reservoir would be a
milti-purpose reservoir, used for storage of municipal water and for recreation. The
WWDC requested an analysis of the 2,500 acre-feet reservoir alternative for the
purposes of this report.

Construction of a dam at the Lower Tie Hack site will inundate sections of the
South Fork Clear Creek and Sourdough Creek (Figure 1). Water stored in the reservoir
will be used to augment the City of Buffalo water supply and will be delivered to the
city's diversion on Clear Creek via the South and Middle Forks of Clear Creek.

In 1983, the Wvoming Game and Fish Department (WGFD) began a basin-wide
raconnaissance study to investigate the potential fisheries impacts of the proposed
water development project. During that year, the WGFD conducted studies to inventory
the fisheries and aquatic habitat at the proposed dam site. In 1987, the WGFD
cenducted independent studies on Clear Creek in the Town of Buffalo to identify
possible fisheries enhancement opportunities in response to requests from the town.
In 1988, data were collected to determine the potential habitat losses that might
occur due to project construction. In 1989, additional instream flow studies and
irpact analyses were conducted to more precisely determine potential fisheries
impacts as a result of this project and to evaluate potential stream mitigation and
ennancement alternatives.

The specific objectives of this study were to 1) quantify trout habitat losses
in the South Fork Clear Creek and Sourdough Creek due to inundation by the proposed
reservoir, 2) recommend a minimm fisheries pool volume for the proposed reservoir
fer fisheries enhancement, 2) determine instream flows necessary to maintain
hydraulic characteristics at all times of year that are important for survival of
trout, fish passage and aquatic insect production in the South and Middle Forks of
Clear Creek and Clear Creek, i) determine instream flows necessary to maintain or
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improve adult trout production during the late summer months in the South Fork Clear
Creek and Clear Creek, 5) determine instream flows necessary to maintain the existing
level of rainbow and brown trout reproduction in the spring and fall, respectively,
in Clear Creek and the South Fork Clear Creek, and 6) “evaluate mitigation
alternatives to offset any habitat losses due to this project in accordance with the
WGFD mitigation policy. This report does not include an analysis of potential
impacts that might occur during project construction, since construction plans were
not vet available. When construction plans are available, WGFD will review them so
that constructicn-related impacts can be avoided or quantified.

DESCRIPTION OF THE STUDY AREA

The proposed water development project involves four streams located on the west
side of the Bighorn Mountains west of the City of Buffalo, Wyoming (Figure 1). These
streams include Sourdoudgn Creek, South Fork Clear Creek, Middle Fork Clear Creek, and
Clear Creek. Studies have been conducted on each of these streams excluding the
Middle Fork Clear Creek. Sourdough and South Fork Clear Creeks are high mountain
streams with moderately steep gradients and stable channels containing combinations
of pool, riffle and run habitats. Clear Creek from the confluence of the North and
Middle Forks of Clear Creek to the City of Buffalo diversion has a steep gradient,
and stream habitat is dominated by cascading riffles and plunge pools. Clear Creek
below the city diversion to I-25 has a more gentle gradient and contains long
sections of swift-moving water characteristic of run habitat. Substrates in this
reach consist mainly of cobble and boulder. Public access to the South Fork Clear
Creek and Sourdough Creek is good, since the streams flow through the Bighorn
Naticnal Forest and a U.S. Forest Service campground is located at the confluence of
the two streams. Access to Clear Creek is somewhat limited, due to the rough terrain
of the canyon section of the stream, and due to private ownership of the lower
sections of the stream. However, public access is available in the Town of Buffalo.

South Fork Clear Creek, Middle Fork Clear Creek, Sourdough Creek, and Clear
Creek from the Six Mile Ditch to I-25 are classified as Class 3 trout streams by the
WGFD. Trout stream classifications throughout Wyoming range from Class 1 (highest
‘quality) to Class 5 (lowest quality). Class 3 trout streams are considered important
trout waters with fisheries of regional importance. These four streams are ranaged
by the WGFD under the basic yield concept for rainbow trout and receive hatchery
plants cf catchable rainbow trout. These streams also contain wild populations of
rainbow, brown and brook trout. Clear Creek from the confluence of the North and
Middle Forks of Clear Creek to the Six Mile Ditch is classified as a Class 2 trout
stream and is managed as a wild trout fishery. This section of Clear Creek contains
naturally reproducing (wild) populations of rainbow, brown and brook trout and
receives no hatchery plants.

The proposed project has the potential for impacting the stream fisheries in the
South Fork Clear Creek and Sourdough Creek by inundating portions of those streams.
Impacts could also result from reductions in stream flows in South and Middle Forks
of Clear Creek and in Clear Creek when reservoirs are filling and by increasing
stream flows during the summer. Depending on the distance that releases are allowed
to travel in the Clear Creek drainage, stream fisheries in Clear Creek from the City
of Buffalo diversion to I-25 could also be affected by releases from the proposed
reservoir.
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The Wyoming Game and Fish Commission's Mitigation Policy (approved Septemper 23,
1985) established Mitigaticn Categories, Designaticn Criteria; and Mitigation
Objectives for habitat values which may be impacted by project development. This
volicy was used to rate the value of habitats within the proposed project area (Table
i). Whenever possible, however, the policy states that avoidance of adverse habitat
irpacts is more desirable than compensation of losses due to those impacts.

Table 1. Mitigation categories, criteria, and mitigation objectives of the
Wyoming Game and Fish Commissicn Mitigation Policy.

Mitigation Mitigation
Category Description Obijective
Irreplaceable Endangered species No loss of existing
Class 1 streams habitat value.
Critical habitat
High State rare or No net loss of in-kind
protected species habitat value.

Native game fish
Class 2 streams

Wild (native) or
trophy management

concept

Moderate Non-native game fish No net loss of habitat
Class 3 streams value while minimizing
Wild (non-native) loss of in-kind habitat

game fish and basic value.
yield management

concept
Low Nongame fish Minimize loss cf habitat
Class 4 and 5 value.
streams
Put-and-take

management concept

METHODS
Study Sites

Nine study sites have been established on South Fork Clear Creek, Sourdough ‘
Creek and Clear Creek since 1983 to evaluate the potential fisheries impacts of this
rroject (Figure 1 and Table 2). The three study sites on South Fork Clear Creek were
located above the mouth of Sourdough Creek (SF1), at the dam site below the mouth of
Sourdough Creek (SF2), and approximately 1/2 mile below the dam site (SF3). The
study site on Sourdough Creek (SOU) was located approximately 1/4 mile upstream Irom
the mouth of Sourdough Creek. Study sites were also established on Clear Creek
approximately 1/2 mile upstream from the City of Buffalo diversion structure (CCl)
and near the abandoned PP&L powerplant 4 miles west of Buffalo (CC2). In the town of
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Buffalo sites were located at the Buffalo City Park (CC2); just upstream from the
“ain Street Bridge in Buffa.Lo (CC4): and at the Texaco Bulk Plant in Buffalo (CCB) .

Table 2. Locations of study sites for Buffalo Municipal Reservoir project.

Site Stream location

SF1 South Fork Clear Cr. above Sourdough Cr. S27, TSON, R84W
SF2 South Fork Clear Cr. below Sourdough Cr. S24, TSON, R84W
SF3  South Fork Clear Cr. below dam site S24, T50N, RB4W

SOU  Sourdough Cr. 1/4 mi. upstream from mouth S26, TSON, RB4W

CC1 Clear Creek above the Buffalo city diversion S10, TSON, R83W

ce2 Clear Creek near cld pzwer plant S €, TS50N, R82W
CC3  Clear Creek at Buffalo City Park S34, TSIN, R82W
CC4 Clear Creek above Main Street Bridge S35, TSIN, R82W
cCcs Clear Creek zt Texaco Bulk Plant S35, TSIN, R82W

For the purposes of this report, results obtained at sites SF1, SF2, SF3 and SOU
were used to determine treout habitat losses due to inundation of sections of South
Fork Clear Creek and Sourdough Creek by the proposed reservoir. Results obtained at
site SF3 were also applied to the sections of South Fork Clear Creek and Middle Fork
Clear Creek from the proposed dam site to Clear Creek. Results obtained at site CCl
were applied to a 4.7 mile segment of Clear Creek fram the confluence of the North
and Middle Forks of Clear Creek to the City of Buffalo diversion structure. Results
from site CC2 were applied to the 5.3 mile segment of Clear Creek between the city's
diversion and the Six Mile Ditch. Sites CC3, CC4 and CC5 represent the three major
habitat types found in Clear Creek in the Town of Buffalo, and results from these
three sites were averaged and applied to the section of Clear Creek between the Six
Mile Ditch and I-25.

Models

A Habitat Retention Metnod (Nehring 1979) was used to identify a fisheries
maintenance flow for South Fork Clear Creek below the proposed reservoir and for
Clear Creek from the forks to the Six Mile Ditch. A maintenance flow is defined as a
continuous flow that will raintain minimum hydraulic criteria in riffle areas within
a stream segment. These criteria are important at all times of year to maintain
passage between different habitat tvpes for all life stages of trout. These criteria
are also important for maintaining survival rates of fish and aguatic
macroinvertebrates during the winter that approximate rates observed under natural
stream flow conditions. Data from single transects placed across riffles at sites
SF3, CC1, and CC2 were analyzed with the IFG-1 computer program (Milhous 1978).

These data were collected at various stream discharges at each site (Takle 3). Based
on extensive research on instream flow methods on Wyoming streams by Annear and
Conder (1983), the maintenance flow is identified as the discharge at which two of
the three hydraulic criteria are met for all riffles in the study area (Table 4).
Maintenance flows apply to all times of the vear except when higher stream flows are
required to meet other fishery management cbjectives.
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Table 3.

Table 4.

Dates and discharges when instream flow data were collected.

Site Date(s) Discharge (cfs)

SF1l 3-24-83 25
3-15-88 38

SF2 8-15-88 S

SF3 6-28-89 65
3-10-89 31
9-13-89 14

SoU 8-25-83 1 (est.)
8-15-88 1

1 6-27-89 147
8-09-839 84
9-12-89 43

cc2 5-24-89 120
8-08-89 79
9-14-89 33

CcC3, Cc4 6-16-87 108

& CCS 6-22-87 60
6-29-87 37
10-06-87 17

Hydraulic criteria used to obtain an instream flow recommendation
using the Habitat Retention Methcd.

Catedgory Criteria
Average Depth (feet) Top widthl x 0.01
Average Velocity (feet per.second) 1.00
Wetted Perimeter (percent)® 60

1 - At average daily flow
2 - Compared to wetted perimeter at bank full conditions

The Habitat Quality Index (HQI) developed by the Wyoming Game and Fish
Department (Binns and Eiserman 1979) was used to estimate potential changes in trout
standing crops over a range of late summer flow conditions. This model was developed
by the WGFD after several years of testing and model refinement. The HQI has been
reliably used on many Wyoming streams to assess HU gains or losses associated with
projects that modify instream flow regimes. The model incorporates seven attributes
that address chemical, physical and biological components of trout habitat. Results
are expressed in habitat units (HU). One HU is defined as the amount of habitat
quality which will support 1 pound of trout.
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By measuring habitat attributes at various flow events as 1f associated habitat
features were typical of average flow conditions, HU estimates can be made for a
variety of stream flow scenarios (Conder and Annear 1987). Habitat attributes were
measured at each site at several discharges (Table 3). To better define the
potential impact of other flow scenarios on trout production, same attributes were
derived mathematically or obtained from existing gage data. Gage data were obtained
from USGS gages located on Clear Creek near sites CC2 and CC3.

A physical habitat simulation model (PHABSIM) developed by the Instream Flow
Service Group of the U.S. Fish arnd Wildlife Service (Bovee and Milhous 1978) was used
to examine the incremental changes in the amount of physical habitat available for
rainbow and brown trout spawning at various discharge rates. This model is generally
considered to reflect state-of-the-art technology for evaluating fisheries physical
habitat changes with changes in stream flows and is widely used throughout North
America.

The amount of physical habitat available at a given discharge is expressed in
terms of weighted usable area (WUA) and reflects the composite suitability of depth,
velocity and substrate at a given flow. Depth, velocity and substrate data were
collected at sites SF3, CCl and CC2 at several different flow levels (Table 3) in
accordance with guidelines given by Bovee and Milhous (1978). WUA for rainpow and
brown trout spawning was simulated for a range of flows at each site with calibration
and modeling techniques outlined by Milhous (1984) and Milhous et al. (1984).

Fishery minimm pool recommendations were made from calculations based on
area—capacity information for the proposed Tie Hack Reservoir.  Three criteria
commonly used in minimum pool determinations were used in these calculations. These
criteria are: 50% of the area which is greater than or equal to 20 feet deep; pool
with at least 30% of the surface area at. the normal high water line; and pool with
20-25% of the volume of the normal maximum storage.

The Morphoedaphic Index (Ryder 1965; Facciani 1976) and stocking rates of
similar sized reservoirs were used as a basis for calculations of potential
angler—days supported by the proposed reservoir.

Population estimates were made at study site SF3 to characterize the
existing fishery in the part of the South Fork Clear Creek below the proposed dam
site. Fish were collected by electrofishing a designated section of stream with a
backpack electrofishing unit. All captured trout were measured and fish greater
than 3 inches in length were weighed. Weights of fish smaller than 3 inches were
back—calculated using condition factors of weighed fish. Population estimates were
calculated with a multiple-pass removal method (Zippin 1958).
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RESULTS
Fisheries Impact Avoidance

In addition to the trout habitat losses that will occur due to inundation bv the
proposed reservoir, fisheries impacts associated with reduced natural stream flows
are possible during times of the year when the reservoir is filling. Trout losses
can be especially high if the reductions of natural stream flows occur during the
winter. Avoidance of these losses can be accomplished by protecting natural stream
flows up to the maintenance flow recommendations derived from the Habitat Retention
Method.

South Fork Clear Creek

Results from the Habitat Retention model showed that flows of 4.5, 5.7, and 6.8
cfs are necessary to maintain winter survival of trout, agquatic insect production and
fish passage at riffles 1, 2, and 3, respectively (Table 5). The maintenance flow
recommendation derived from this method is defined as the flow at which two of the
three hydraulic criteriz are met for all riffles in the study site, which in this
case is 6.8 cfs.

Table 5. Simulated hydraulic criteria for three riffles on South Fork Clear Creek
at site SF3. Estimated bankfull discharge = 155 cfs; Estimated average
daily discharge = 24 cfs.

Average  Average Wetted

Depth Velocity Perimeter - Discharge

(ft) (ft/sec) (£t) (cfs)

Riffle 1

1.55 3.38 35.0 155.0
1.42 2.93 34.7 121.9
"1.22 2.35 34.3 84.3
1.03 1.87 33.8 56.0
0.79 1.37 33.1 31.2
0.68 1.20l 32.4 24.0
0.56 1.00 31.5 15.6
0.41 0.72 25.51 6.72
0.37l 0.60 21.0 4.5
0.29 0.42 14.9 1.8
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Table 5. Continued.

Riffle 2
1.44 3.42 36.1 155.0
1.26 2.74 35.1 106.1
1.04 2.05 33.9 63.8
0.82 1.51 32.3 35.8
0.68 1.23 30.9 24.0
0.62 l.lOl 30.3 18.4
0.59 1.00 28.3 15.2
0.51 0.78 23.8l 8.32
0.421 0.65 21.7 5.7
0.28 0.48 16.5 2.2
Riffle 3
1.26 3.32 40.6 155.0
1.02 2.74 39.9 101.7
0.78 2.25 39.1 63.3
0.67 2.00 37.4 45.7
0.58 1.85 36.5 36.0
0.49 1.62 31.8 24.0
0.44 1.51 29.4l 17.9
0.36l 1.34 24.4 11.52
0.29 1.211 20.5 6.8
0.05 1.00 8.6 1.7

1 - Minimum hydraulic criteria met
2 - Discharge at which 2 of 3 hydraulic criteria are met

Clear Creek above the Buffalo Diversion

Results from the Habitat Retention model showed that flows of 7.5, 4.5, and 7.9
cis are necessary to maintain winter survival of trout, aguatic insect production and
fish passage at riffles 1, 2, and 2, respectively (Table 6). The maintenance flow
recammendation derived from this method is defined as the flow at which two of the
three hydraulic criteria are met for all riffles in the study site, which in this
case is 7.9 cfs.
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Table 6. Simuiated hydraulic criteria for three riffles on Clear Creek at site CCl.
Estimated bankfull discharge = 330 cfs: Estimated average daily discharge

= 51 cfs.

Average Average Wetted

Depth Velocity Perimeter Discharge

(£t) (ft/sec) (ft) (cfs)

Riffle 1
1.68 3.94 53.3 330.0
1.50 3.23 51.9 237.6
1.33 2.65 50.8 169.1
1.16 2.14 48.9 116.3
1.09 1.69 43.7 76.8
0.98 1.33l 40.5 51.0
0.88 1.00 36.9 32.1
0.83 0.86 35.3l 24.47
0.52l 0.43 32.0 7.5
0.39 0.24 26.5 2.7
Riffle 2
1.54 4.59 47.8 330.0
1.49 4.21 47.4 288.4
1.38 3.17 44.6 188.9
1.34 2.32 39.7 119.3
1.26 1.64 36.2 72.1
1.14 1.271 35.4 51.0
1.05 1.007 34.9 35.7
0.82 0.58 33.9l 15.82
0.57l 0.25 28.7 4.5
0.34 0.05 15.3 0.6
Riffle 3

1.78 4.71 41.1 330.0
1.67 4,30 40.2 275.3
1.47 3.635 38.9 199.2
1.28 3.16 38.3 149.4
1.10 2.72 37.7 108.4
0.78 1.95 34.9 51.0
0.59 1.60 33.4l 30.8
0.40 1.12l 24.7 11.32
0.36l 1.00 22.1 7.9
0.34 0.92 20.3 6.5

1 - Minimm hydraulic criteria met
2 - Discharge at which 2 of 3 hydraulic criteria are met
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Clear Creek below the Buffalo Diversion

Results from the Habitat Retention model showed that flows of 6.1, 6.8, and 23.6
cfs are necessary to maintain winter survival of trout, aguatic insect production and
fish passage at riffles 1, 2, and 3, respectively (Table 7). The maintenance flow
recommendation derived frcm this method is defined as the flow at which two of the
three hydraulic criteria are met for all riffles in the study site, which in this
case is 23.6 cfs.

Table 7. Similated hydraulic criteria for three riffles on Clear Creek at site CC2.
Estimated bankfull discharge = 285 cfs; Estimated average daily discharge

= 44 cfs.

Average Average Wetted

Depth Velocity Perimeter Discharge

(ft) (ft/sec) (ft) (cfs)

Riffle 1
1.68 4.62 39.5 285.0
1.57 3.96 37.7 217.2
1.47 3.31 35.2 159.1
1.32 2.72 33.9 113.1
1.17 2.19 32.6 77.6
0.93 1.58 31.3 44.0
0.77 1.24l 30.7 27.7
0.62 1.00 29.91 18.12
0.42l 0.62 23.7 6.2
0.29 0.41 17.8 2.2
Riffle 2

1.72 4.21 42.4 285.0
1.59 3.51 40.8 210.1
1.41 2.74 38.8 139.0
1.23 2.10 36.0 88.0
1.10 1.55 33.2 52.6
1.03 1.39l 32.6 44.0
0.84 1.00 30.6 24.6
0.71 0.77 28.7l 14.82
0.55l 0.52 25.4 6.8
0.30 0.13 10.4 0.5
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Table 7. Continued.

Riffle 3
1.31 3.47 63.5 285.0
1.29 3.39 63.3 272.9
1.13 2.67 61.3 182.1
0.98 2.06 58.5 116.5
0.79 1.45 54.8 61.8
0.67 1.20, 53.4 44.0
0.57, 1.00™ 52.3 29.42
0.53% 0.89 48.3, 23.6
0.43 0.62 38.17 10.5
0.34 0.41 28.1 3.8

1 - Minimm hydraulic criteria met
2 - Discharge at which 2 of 3 hydraulic criteria are met

Trout Habitat Losses

HQI analyses were conducted at sites SF1, SF2, SF3 and SOU to determine the
number of trout HUs lost due to inmundation of sections of South Fork Clear Creek and
Sourdough Creek by the proposed reservoir. HUs measured at site SF1 during 1983 and
1988 were averaged to determine the number of HUs supported in the South Fork Clear
Creek above the mouth of Sourdough Creek. The average number of HUs measured at site
SOU in 1983 and 1988 were used to determine the number of trout HUs in Sourdough
Creek. HUs measured at sites SF2 (1988) and SF3 (1989) were averaged to account for
any spatial variation in trout HUs in South Fork Clear Creek below the mouth of
Sourdough Creek. '

Based on current project information, the proposed reservoir will have a
capacity of nearly 2,500 acre-feet, a normal high-water line at an elevation of 7,447
feet, and an area of approximately 62.5 acres. When filled to capacity, the
reservoir would inundate 1,500 feet cf South Fork Clear Creek below Sourdough Creek,
approximately 2,500 feet of South Fork Clear Creek above Sourdough Creek, and 2,750
feet of Sourdouanh Creek. Based on HQI analyses, a total of approximately 186 HUs
will be lost due to inundation of these streams by the proposed reservoir (Table 8).

Table 8. HQI scores for sections of Sourdouan Creek and South Fork Clear Creek that
will be inundated by the proposed reservoir.

Area of Stream Total No. HUs in

Stream Section HUs/Acre Inundated Trundated Section
South Fork below

Sourdough Creek 90.0 0.69 ac. 62.1

South Fork above

Sourdough Creek 132.5 0.86 ac. 114.0
Sourdough Creek 15.5 0.63 ac. 9.8

Total HUs Iost: 185.9
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Fishery Minimum Pool

Calculations based on area-capacity data for the proposed reservoir indicate
that minimum fishery pool criteria are met at an elevation of 7410 feet. At this
elevation the area of the reservoir would be 22.3 acres, the volume would be 754.2
acre-reet, and the mean depth woul: oe 25.7 feet. Tii:- recommended minimum pool
meets all three of the criteria commonly used for fisnery minimum pool
determinations.

Potential trout biomass for the proposed reservoir was calculated with the
Morphoedaphic Index (MEI). This represents the trout biomass that could be supported
by the proposed reservoir without hatchery plants. These calculations were made
under the assumption that the reservoir would fluctuate between the minimm pool
level recammended in this report and the normdl high water level each year. The
trout biomass of the proposed reservoir based on the MEI is 1,151 pounds of trout
(Table 9). Based on harvest rates of similar-sized high mountain reservoirs, this
reservoir would provide approximately 658 angler-days per year if hatchery plants are
noT rmade.

If catchable trout are planted in the proposed reservoir at rates typical of
similar high mountain reservoirs with good public access, the reservoir would support
4,785 pourds of trout. This represents a fairly high stocking rate. At this
stocking rate, the proposed reservoir would provide approximately 2,700 angler-days
per year (Table 9).

Table 9. Potential trout standing crop and angler-days for the proposed reservoir
based on MEI calculations and on stocking cf catchable trout. Assumes
reservoir fluctuates annually between the recommended minimum pool level
and the normal high water level.

Trout Biomass (lbs) Angler-Davs Per Year

MEI calculations 1,151 658

Stocking catchable trout 4,785 2,734

Fish Population Estimate

South Fork Clear Creek

Electrofishing results indicated that site SF3 supports an adult trout standing
crop of 90 pounds/acre (Table 10). Only rainbow and brown trout were captured at
this site and about 70% of the standing crop was made up of rainbow trout. All c:
the fish captured were wild fish.
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Tabie 10. Fish population statistics for the South Fork Clear Creek. Estimated
numper per mile, pounds per acre, and pounds per mile include fish larger
than or equal to 6 inches in length. Station length: 520 feet. Average
stream width: 28.0 feet..

Species

Brown Rainbow

Trout Trout Total
Total No. Fish 69 197 266
Captured (All sizes)
Size range (in.) 2.4 -10.3 1.6 - 8.9
Weight range (lbs.) 0.01 - 0.39 0.01 - 0.26
Estimated No./Mi. 489 1635 2124
Estimated Ibs./Mi. 92.9 212.3 305.2
Estimated Ibs./Ac. 27.4 62.6 90.0

Fisheries Mitigation Alternmatives
South/Middle Fork Clear Creek Below the Proposed Reservoir

HQI analyses at Site SF3 indicate that at existing average late summer flow
corditions (estimated at 10 cfs) the South and Middle Forks of Clear Creek below the
proposed reservoir support approximately 57 HUs per acre (Figure 2). The analysis
indicates that trout HUs are maximized at an average late summer flow of 20 cfs. At
flows higher than 20 cfs, trout HUs begin to decrease. At flows greater than 35 cfs,
the number of HUs in this stream reach is reduced from existing levels.

Should the proposed reservoir operational plans include constant releases during
the summer which raise the average summer discharge of South Fork Clear Creek to 20
cfs, the stream reach would realize an increase of about 10 HUs per acre. Since this
site applies to a 3.95 mile segment of the South and Middle Forks of Clear Creek, the
HU gain for the entire seament would be 128 trout HUs (Table 11). Releases of
between 25 and 35 cfs during the summer would not appreciably change the number of
HUs in this stream segment over existing conditions. Releases of greater than 35
cfs would result in a net loss of HUs. This analysis is based on the assumption
that the temperature of releases will not significantly differ from existing summer
stream temperatures. It also assumes that natural stream flows up to the recommended
maintenance flow will be maintained at all times of the year.

29



Y
{
X

5
3
Yo%

K5
KRN

SRAK
N

5
X

e
o

238

2

V.V
K

\/
5
X

SP 60 70 80 90
SCHARCQCE (e s

Figure 2. Number of potential trout habitat units at several late summer flow
levels in the South Fork Clear Creek (SF3) below the proposed reservoir.
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Table 11. Existing trout HUs and potential I gains in South and Middle Forks of
Clear Creek from the proposed dam site to Clear Creek.

Existing HUs/ac (at 10 cfs) 1 56.7
With constant release of 20 cfs from reservoir 67.0
HU/acre gain +10.3
Distance of stream affected = 3.95 miles
Mean width = 26 feet
Total acres = 12.4
Total HU gain = 127.7

1 - Assumes that flows will be constant from July 1 to
September 15 and natural flows up to the maintenance
flow at all other times of year

Clear Creek from the Forks to the Buffalo City Diversion

HQI analyses at Site CCl indicate that at existing average late summer flow
corditions (estimated at 35 cfs) Clear Creek from the confluence of the North and
Middle Forks of Clear Creek to the Buffalo city diversion supports approximately 125
HUs per acre (Figure 3). The analysis indicates that this number of HUs is
maintained at a range of average late summer flows of between 30 and 45 cfs. Because
trout HUs are maximized in this section of Clear Creek under existing summer flow
conditions, HU gains due to enhancement of summer flows are not possible. At flows
less than 30 cfs and greater than 45 cfs, the mumber of HUs in this stream reach is
reduced from existing levels. Should the proposed project result in average stream
flows during the summer (July 1 to September 15) which are lower than 30 cfs or
greater than 45 cfs in this portion of Clear Creek, trout HU losses will occur. The

actual number of losses will depend on the magnitude of the flow reduction or
increase.
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Figure 3. Number cf potential trout habitat units at several late summer flow
levels in Clear Creek (CCl).

Since the number of HUs in this section of the stream are maximized under
axisting late summer flow conditions, there are no opportunities for habitat unit
gains in this section of Clear Creek due to summer flow enhancement. However, this
section of Clear Creek experiences fairly wide annual stream flow fluctuations, with
very low stream flows occurring during the winter. Should releases be made from the
croposed reservoir that increase winter fiows, HU gains could be realized in this
section of Clear Creek. Gage records for the past 20 years indicate that winter
stream flows in Clear Creek are commonly very low. The HQI analysis indicates that
if winter flows of 6 cfs or greater are maintained, this section of Clear Creek would
support approximately 190 HUs per acre, an increase of 55 HUs per acre over existing
levels. This assumes that summer flows (between July 1 and September 15) will be
rmaintained between 30 and 45 cfs and that existing summer stream temperatures are
maintained. Since this analysis applies to a 4.7 mile section of Clear Creek, the
total number of HUs gained for the reach is 1,043 over existing conditions (Table 12).

Table 12. Existing trout HUs and potential HU gains in Clear Creek from the
confluence of the North and Middle Forks of Clear Creek to the Buffalo
city diversion.

Existing HUs/ac (at summer flow of 35 cfs

and existing winter flow conditions) 134.8
With winter flow > 6 Efs and summer flow of
between 30 and 45 cfs 190.3

Total HU/acre gain +55.5
Distance of stream affected = 4.7 miles
Mean width = 233 feet
Total acres = 18.8

Total HU gain = 1,043.4

1 - Assumes that flows will be constant from July 1 to
Septemper 15 and natural flows up to the maintenance
flow at all other times of year
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Clear Creek from the Buffalo City Diversion to the Six Mile Ditch

HQI analyses at Site CC2 indicate that at existing average late sumer flow
conditions (estimated at 25 cfs) Clear Creek from the Buffalo city diversion to the
Six Mile Ditch supccrts approximately 59 HUs per acre (Figure 4). The analysis
indicates that over the range of flows similated, HUs are maximized at 59 HUs per
acre at late summer flows of between 25 and 35 cfs. At flows less than 25 cfs and
greater than 35 cfs, the number of HUs in this stream reach is reduced from existing
levels. Should the proposed project result in average stream flows during the summer
(July 1 to September 30) which are lower than 25 cfs or greater than 25 cfs in this
portion of Clear Creek, trout HU losses will occur. The actual number of losses will
depend on the magnitude of the flow reduction or increase.
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Figure 4. Number of potential trout habitat units at several late summer flow
levels in Clear Creek (CC2).

Because trout HUs are maximized in this section of Clear Creek under existing
summer flow conditions, HU gains due to enhancement of summer flows are not possible.
However, as with the section of Clear Creek above the City of Buffalo diversion,
enhancement of winter flows to reduce annmual stream flow variation could result in HU
gains in this section of Clear Creek. If summer flows are maintained between 25 and
35 cfs (between July 1 and September 30) and winter stream flows are maintained at 6
cfs cr greater, the HQI analysis indicates that HUs would increase in Clear Creek
celow the city diversion by 26 HUs per acre. Since this study site applies to the
2.3 mile section of Clear Creek from the Buffalo city diversion to the Six Mile
Ditch, the total HU gain for the reach is 484 HUs (Table 13).
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Table 13. Existing trout HUs and potential HU gains in Clear Creek from the Buffalo
city diversion to the Six Mile Ditch.

Existing HUs/ac (at 25 cfs) 55.8
With winter flow > 6 Efs and summer flow of
between 25 and 35 cfs 81.8

Total HU/acre gain +26.0
Distance of stream affected = 5.3 miles
Mean width = 29 feet
Total acres = 18.6

Total HU gain = 483.6

1 - Assumes that flows will be constant from July 1 to
Septempber 15 and natural stream flows up to the
maintenance flow at all other times of year

Clear Creek from the Six Mile Ditch to I-25

Results of HQI analyses at sites CC3, CC4 and CC5 were averaged and applied to
Clear Creek from the Six Mile Ditch to I-25. These analyses indicate that at
existing average late summer flow conditions (estimated at 5 cfs) this section of
Clear Creek supports approximately 7 HUs per acre (Figure 5). HUs increase with
increasing discharge up to 70 cfs, and then begin to decrease. Trout HUs are higher
at every discharge from 10 to 130 cfs than at existing late summer flow conditions,
indicating that enhancement of summer flows in Clear Creek below the Six Mile Ditch
will increase HUs in this stream segment. Small HU gains occur at flows between 10
and 30 cfs, while flows higher than 30 cfs result in large HU gains. The actual
number of HUs gained in this segment depends on the amount summer flows (between July
1 and September 15) are increased. HUs are maximized at 40 HUs per acre at
discharges between 50 and 70 cfs. If summer flows are maintained at this level for
the entire summer (July 1 to September 15), the HQI analysis indicates that the
largest gain in HUs would be about 33 HUs per acre over existing conditions.

Since these data apply to a 5 mile section of stream, this would result in a total
increase of about 642 HUs (Table 14). Enhancement of winter flows alone would not

result in an increase in HUs, since the lowest flows during the vear occur during the
summer .
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Figure 5. Number of potential trout habitat units at several late summer flow
levels in Clear Creek from the Six Mile Ditch to I-25.
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Tabkle 14. Existing trout HUs and potential HU gains in Clear Creek from the Six Mile
Ditch to I-25.

Existing HUs/ac (at 5 cfs) 1

With summer fiow of 50 to 70 cfs 39.
Total HU/acre gain +33.1

Distance of stream affected = 5.0 miles

Mean width = 32 feet

Total acres = 19.4

O O\
O 00

Total HU gain = 642.1

1- Assumes that flows will be constant from July 1 to
September 15 and natural flows up to the mzintenance
flow at all other times of year

Fisheries Enhancement Opportunities

The results of the HQI analyses have indicated that enhancement of summer and/or
winter stream flows below the proposed reservoir provides opportunities to mitigate
losses caused by the proposed project. HU gains in excess of those needed for
mitigation are enhancements to the existing fishery. Ancther fisheries enhancement
opportunity may exist in the provision of instream flows below the proposed reservoir
to improve physical habitat for brown and rainbow trout spawning in South Fork Clear
Creek and Clear Creek. PHARSIM analyses were used to evaluate the potential for
improving spawning physical habitat for brown and rainbow trout in these two streams.
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Soutn Fork Clear Creek

PHABSIM analyses were conducted at site SF3 to determine the relationship
cetween discharge and WUA for rainbow and brown trout spawning. WUA was simulated
ror Zlows ranging from 10 to 125 cis. WUA fcr both brown and rainbow trout spawning
is raximized at a discharge of 125 cfs greater than 125 cfs (Figure 6). Flows higher
than 125 cfs could not be accurately simulated with these data. The analysis
indicates that at as flows decrease from 125 cfs, WUA for spawning for both species
is rapidly reduced. WUA essentially disappears for rainbow trout at discharges lower
than 40 cfs and for brown trout at discharges less than 15 cfs.
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Figure 6. Percent of maximum usaple area (MUA) for brown (BNT) and rainbow (RBT)
trout spawning at site SF3.

Although the PHABSIM analyses for WUA for brown and rainbow trout spawning
indicates that physical habitat is maximized at 125 cfs, the ratio of WUA to the
total area in the stream reach does not differ greatly at any of the discharges
simulated. For example, at S0 cfs WUA for brown trout spawning makes up about 0.1%
of the total area of the stream reach. At 125 cfs, WUA for spawning makes up about

.5% of the total area. The addition of 75 cfs does not result in a substantial
change in WUA for spawning.

The reason that WUA is very low over the entire range ci flows simulated is that
spawning substrate is extremely limited in this section of South Fork Clear Creek.
iravel substrates are a necessarv component c¢f trout spawning nabitat, and this
section of the stream is dominated by cobble and boulder substrates. It is possible
that the wild fishery in this section of the stream is maintained primarily by
recruitment from other sections cf the stream or from tributaries of the South Fork
Clear Creek. Since suitable substrate appears to be the facrcr limiting WUA for
spavning in this section of South Fork Clear Creek, enhancement of flows would do
little to improve spawning WUA for either species.
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Clear Creek above the Buffalo Diversion

PHABSTM analyses were conducted at site CCl to determine the relationship
between discharge and WUA for rainbow and brown trout Spawning. WUA was simulated
for flows ranging from 30 to 300 cfs. WUA for both rainbow and brown trout spawning
is maximized at a discharge of 300 cfs (Figure 7). Flows higher than 300 cfs could
not be accurately simulated with these data. The analysis indicates that at as flows
decrease from 300 cfs, WUA for spawning is rapidly reduced for both species.

This reduction is more rapid for rainbow trout.
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Figure 7. Percent of maximm usable area (MUA) for brown trout (BNT) and rainbow

trout (RBT) spawning at site CCl.

As with the South Fork Clear Creek site, this site is dominated by cchble and
boulder substrates which are not suitable for trout spawning. As a result, WUA for
spawning is extremely limited for both species at all discharges simulated. For
example, at 80 cfs WUA for brown trout spawning is 0.04% of the total area of the
stream reach. At 300 cfs, when physical habitat is maximized for both species, WUA
for brown trout spawning is 0.2% of the total area. Although the small amount
of physical habitat available for both species may be intensively used, the
amount of suitable substrate appears to limit WUA for spawning in this section of
Clear Creek. It is most likely that the majority of the recruitment for both species
originates in upstream reaches of Clear Creek and/or tributaries of Clear Creek.
Because of these factors, enhancement of flows may do little to improve spawning WUA
and recruitment for either species.
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Clear Creek below Buffalo Diversion

PHABSIM analyses were conducted at site CC2 to determine the relationship
between discharge and WUA for rainbow and brown trout spawning. WUA was simulated
for flows ranging from 10 to 400 cfs. WUA for both rainbow and brown trout spawning
is maximized at a discharge of 200 cfs (Figure 8). The analysis indicates that at as
flows decrease from 200 cfs, WUA for spawning is rapidly reduced for both species.
Reductions frcm the maximum WUA for spawning for both species also occur at flows
greater than 200 cfs.
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Figure 8. Percent of maximm usable area (MUA) fcr brown trout (BNT) and rainbow
trout (RBT) spawning at site CC2.

As with sites SF3 and CCl, WUA for rainbow and brown trout spawning appears to
be limited by the lack of suitable spawning substrates in this section of Clear
Creek. This site, like the others, is dominated by large cabble and boulder
substrates. As a result, WUA for spawning is low for all discharges simulated for
both species. Therefore, improvement of rainbow and brown trout spawning habitat by
enhancement of stream flows is not likely in this section of Clear Creek.

SUMMARY/DISCUSSION

At the time of this report, many of the project details including operational
olans for eacn reservoir were unknown. As a result, several assumptions were made to
determine the fisheries impacts associated with this project. Any change in these
assumptions cculd result in changes in our findings and would involve reanalysis of
our data. Therefore, the recommendations in this report are not final and are
subject to change as rnore detailed project information becomes available. Future
coordination between WWDC and WGFD is very important throughout the planning stages
of this project.
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The assumptions made in this report are:

1. All releases frcm the proposed reservoir will be discharged directly into
the stream channel. All releases in excess of present stream flows will
remain in the stream channel downstream to I-25.

Releases from the proposed reservoir will be made at a constant rate
during each season. Wide fluctuations in releases could negate any HU gains
that would occur from enhanced summer stream flows.

)9
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.

Releases from the proposed reservoir will not appreciably change the water
temperatures in streams receiving those releases. Changes in existing
stream temperatures could result in different HU gains/losses.

4. Natural stream flows up to the reccmmended maintenance flows for each stream
will be maintained at all times of the year. If natural stream flows are
reduced, HU gains described in the HQI analyses could be negated.

Electrofishing results indicated that the South Fork Clear Creek supports good
populations of wild trout. The two sections of Clear Creek above the Six Mile Ditch
also support wild trout fisheries. Maintenance of wild trout populations is a high
priority for the WGFD since they provide high quality fisheries with very little
management expense. Protection of these fisheries is therefore very important.
Flows needed to protect these fisheries were identified with several methods

The Habitat Retenticn Method was used to provide maintenance flow
recommendations for each stream segment involved with the proposed project (Table
15). The maintenance flow is defined as a continuous flow that will maintain minimm

hydraulic criteria in riffle areas within a stream segment. These criteria are
important at all times of year to maintain passage between different habitat types
for all life stages of trout. These criteria are also important for maintaining
survival rates of fish and aquatic macroinvertebrates during the winter that
apprcximate rates observed under natural stream flow conditions.

Iow flow conditions during winter months (Octocber through March) naturally limit
the survival and growth of many trout populations. The extent of these impacts is
dependent upon several factors including but not limited to snow fall, cold intensity
and the duration of intense cold periocds. These factors vary from year to year and
affect fish populations depending on the amount of frazile ice and anchor ice
formation (which can plug the gills of fish), the extent of snow bank collapse (ard
stream damming) and increased metabolic demands on fish (and increased stress).

Kurtz (1980) found that the loss of winter habitat due to low flow conditions
was an important factor affecting mortality rates of trout in the upper Green River,
with mortality approaching 90% during same years. Needham et al. (1945) documented
average overwinter brown trout mortality of 60% and extremes as high as 80% in a
California stream. Butler (1979) reported significant trout and aquatic insect
losses caused by anchor ice formation. Reimers (1957) considered anchor ice,
collapsing snow banks and fluctuating flows resulting from the pericdic formation and
breakup of ice dams as the primary causes of winter trout mortality.

The causes of winter mortality discussed above are all greatly influenced by the
quantity of winter flow in terms of its ability to minimize anchor ice formation
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(increased velocity and temperature locading) and dilute and prevent snow bank
collapses and ice dam formation respectively. Any reduction of natural winter stream
flows would increase trout mortality and effectively reduce the number of fish that
the stream could support. Therefore protection of natural winter stream flows up to
the recommended maintenance flow for each stream segment is necessary to maintain
existing survival rates of trout populations. Failure to maintain natural stream
flows up to the recommended maintenance flows for each stream will negate HU gains
resulting from enhanced summer flows. In addition, HQI analyses have shown that
ennancement of winter flows can actually increase HU gains by causing reductions in
the annual variation of stream flows.

Table 13. Summary of maintenance flow recommendations derived from the Habitat
Retention Method for the stream segments affected by the proposed project.
These flows apply to all times of the year except when higher flows are
required to meet other fishery management cbjectives.

Stream Seagment : Maintenance Flow (cfs)
South Fork Clear Creek below the proposed dam 6.8
Clear Creek above the Buffalo diversion 7.9
Clear Creek below the Buffalo diversion 23.6

The HOI model was used to determine the number of trout HUs that will be lost in
Sourdough Creek and South Fork Clear Creek as a result of inundation of portions of
those streams by the proposed reservoir. The total number of trout HUs lost in these
streams is 186 HUs. In accordance with the WGFD mitigation policy, these habitat
losses should be mitigated in a manner that results in no net loss in habitat value
while minimizing loss of in-kind habitat value.

Results from additional HQI studies in Socuth Fork Clear Creek and Clear Creek
were used to evaluate the potential for mitigating habitat losses resulting from this
project. Based on these studies, HU losses in Sourdough Creek and South Fork Clear
Creek can be mitigated by HU gains in South Fork Clear Creek and in Clear Creek. The
actual number of HUs gained in these streams depends on the timing and amounts of
water released from the proposed reservoir (Table 16).

Existing mean summer flows in South Fork Clear Creek approximate 10 cfs.  If a
constant release of 20 cfs is made from the proposed reservoir during the July 1 to
September 15 pericd and existing winter flows remain unchanged, this would increase
sumer flows in the downstream sections of South Fork Clear Creek and Clear Creek by
10 cfs over existing conditions. A discharge of 20 cfs would maximize the number of
HUs in South Fork Clear Creek and would result in a total HU gain in these streams of
227 HUs, which would totally mitigate the loss of 186 HUs that will occur when the
reservoir is built. HU gains _.. both of these stream sections would be lower than
227 HUs if sumer releases are lower than 20 cfs. There would be no change in HUs in
South Fork Clear Creek at summer flows of between 25 and 35 cfs, and HU losses would
occur in South Fork Clear Creek if releases are greater than 35 cfs.

A constant release of 55 cfs during the summer (July 1 to September 15) from the
proposed reservoir would have the effect of increasing summer stream flows by about
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45 cfs in the downstream sections of South Fork Clear Creek and Clear Creek. This
increase would result in an HU gain of 642 HUs in Clear Creek between the Six Mile
Ditch and I-25. Althougn a discharge of 55 cfs maximizes HUs in this portion of
Clear Creek, this increase in discharge would have detrimental effects on other
portions of Clear Creek and South Fork Clear Creek. The result of these increased
summer releases would be the net loss of 645 HUs in addition to the 186 HUs lost due
to inundation by the proposed reservoir (Table 16).

Winter stream flows are commonly very low in Clear Creek and this factor
partially limits the number of HUs the stream can support. If a constant winter
release (from September 16 to March 31) of 6 cfs is made from the proposed reservoir,
HU gains are realized even when summer stream flows remain unchanged from present
conditions. This increase in winter flows would not affect HUs in South Fork Clear
Creek and in Clear Creek below the Six Mile Ditch, since this flow would not
significantly change annual stream flow variation in either section.

However, in both sections of Clear Creek above the Six Mile Ditch, a winter flow
of 6 cfs would increase HUs by over 1,500 HUs. If, in addition to winter releases of
6 cfs, summer flows are increased 10 cfs over existing conditions (with a release of
20 cIs at the dam), an additional 227 EU gain will be reaiized (Table 16).

Table 16. Summary of HU gains and losses due to enhanced stream flows resulting from
the proposed water project. This analysis includes the assumption that
reservoir releases will be made at a constant rate during the pericd of
July 1 to September 15, that stream temperatures will not change
appreciably, and that natural flows up to the recommended maintenance flow
are maintained at all other times of the year.

Summer Summer Winter Release > Winter Release >
Release 1 Release 1 6 cfs; Summer 1 6 cfs; Sumer 1
Stream of 20 cfs of 55 cfs Release of 10 cfs™ Release of 20 cfs
Reservoir Site - 186 HUs - 186 HUs - 186 HUs - 186 HUs
South Fork Clear v
Creek + 128 HUs - 299 HUs 0 + 128 HUs
Clear Creek above
Buffalo diversion 0 - 400 HUs + 1,043 HUs + 1,043 HUs
Clear Creek below 0 - 588 HUs + 484 HUs + 484 HUs
Buffalo diversion
Clear Creek from + 99 HUs + 642 HUs 0 + 99 HUs
Six Mile Ditch to
I-25
Net HU + 41 - 831 - 1,341 + 1,568 HUs
Gains/lLosses

- Assumes that releases are allowed to reach I-25 and no transportation losses.
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A fishery minimum pool of 754.2 acre-feet will be adequate to protect a
reservoir fishery from excessive drawdowns and is an appropriate feature for the
proposed project. Based on calculations of potent:.al trout bicmass of the proposed
reservoir with and without stocking, the reservoir would support between 658 and
2,734 angler—days per year. This assumes that the reservoir fluctuates between the
reccnmerxied minimm pool level and the normal high water level each year. Analysis
of the operatiocnal plans for the proposed reservoir may change these estimates.

Improvement of WUA for rainbow and brown trout spawning in South Fork Clear
Creek and Clear Creek by enhancing stream flows in the spring and fall does not
appear to be possible. Changes in stream flows do not appear to have much of an
impact on WUA for spawning for either species, probably due to the lack of suitable
spawning substrates in these stream segments. The PHABSIM analysis for
South Fork Clear Creek indicates that WUA for rainbow trout spawning is essentially
zero at discharges of less than 40 cfs. Therefore, a discharge of 40 cfs during the
rainbow trout spawning period (April 1 to June 30) will maintain the existing level
of WUA for rainbow trout in South Fork Clear Creek. Similarly, WUA for brown trout
spawning approaches zero at flows less than 15 cfs. A discharge of 15 cfs during the
brown trout spawning periocd (Oct. 1 to Nov. 30) will therefore maintain existing
levels of brown trout spawning in South Fork Clear Creek. These releases will also
be adequate to maintain existing levels of rainbow and brown trout spawning in Clear
Creek above the Six Mile Ditch.

RECOMMENDATIONS

1. To protect natural stream flows up to the fisheries maintenance flows
identified in Table 15, a year-rourd release of 6.8 cfs into South Fork
Clear Creek should be made except during times when higher flows are
required to meet other fishery management cbjectives and mitigation
requirements. When natural stream flows into the reservoir from all sources
are below 6.8 cfs, the amount of those natural flows should be released. By
meeting the recommended maintenance flow in South Fork Clear Creek,
maintenance flows recommended for the two Clear Creek sites will also be
satisfied.

2. To mitigate stream HU losses due to inundation by the proposed reservoir, 3
constant release of 20 cfs from the proposed reservoir during the summer
(July 1 to September 15) is recamended. This release rate will increase
sumer stream flows in South Fork Clear Creek and Clear Creek by 10 cfs over
existing corditions, and will increase HUs by 227. These gains will
mitigate the 186 HUs lost due to reservoir construction. However, this
increased stream flow must be allowed to pass to I-25 for the HU gain to be
realized.

3. When natural winter stream flows are below 6 cfs, augmentation of winter
flows with releases of 6 cfs (from September 16 to March 31) from the
proposed reservoir represent an additional fisheries enhancement
opportunity. If allowed to pass down Clear Creek to I-25, these releases
could increase HUs in Clear Creek above the Buffalo diversion by over 1,300
HUs. The net effect, considering HU losses at the reservoir site, would be
1,341 HUs.
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10.

11.

13.

WGFD recommends a minimum pool of 754.2 acre-feet for fisheries enhancement.
We also request the opportunity to participate in the design of fish habitat
structures in the reservoir that could be installed during the construction
phase of this project. These structures include, but are not limited to,
placement of boulders in the reservoir, leaving scattered timber in areas
that will be inundated, and developing an irregqularly shaped shoreline.

We recommend that a reservoir temperature modeling study be conducted for
the proposed reservoir. Feasibility studies should include consideration of

penstocks capable of maintaining the temperature of releases between 51 and
70F.

Opportunities to improve physical habitat for rainbow and brown trout in
South Fork Clear Creek and Clear Creek by enhancing stream flows do not
exist. To maintain existing levels of rainbow trout spawning in both
streams, a continuous release of 40 cfs should be made from April 1 to June
30. To maintain existing levels of brown trout spawning, a continuous
release of 15 cfs should be made from October 1 to November 30.

We recammend that reservoir releases be stepped up and down in stages to
avoid releases of large pulses of water. The WGFD should be consulted
regarding the rate at which releases are stepped up and down.

We recommend that a boat ramp be built to the minimm pool elevation as a
project feature. We further recommend the project include development of a
public access road and public parking area in conjunction with the boat
ramp.

We recammend that public access be made available, as a project feature to
the entire shoreline of the reservoir, except in areas considered hazardous
to public safety.

The large vertical drop in water level from the normal high water line to
the recommended minimum pool elevation could limit access to the reservoir
during drawdown. We therefore recommend the stabilization of areas of the
shoreline between the normal high water line and the minimm pool to allow
access to the reservoir by bank fishermen during reservoir drawdown.

Additional project details, including reservoir operations schedules and
results of the temperature modeling study should be made available to WGFD
as they become available.

We recammend that WWDC develop a detailed mitigation plan prior to project
authorization and construction that is accepted by WGFD and USFWS. The plan
should include mitigation of construction and other impacts as well as
habitat losses from project existence and operation, and should be

included as part of the 404 permit application for the project.

We request the opportunity to review construction plans so that impacts due
to project construction can be avoided or quantified. Should final project
plans differ from those assumed in this report, reanalysis of the data will
be necessary and reccmmendations in this report may change.
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DRAFT

December 15, 1992

Mr. Nels Lofgren, Mayor
City of Buffalo

46 North Main

Buffalo, Wyoming 82834

RE: Fish & Wildlife Coordination Act - Mitigation Plan - Tie Hack
Dam.

Dear Nels:

As you may know, the city contacted the Wyoming Game and Fish
Department and the US Fish and Wildlife Service on August 18,
1992 to assist the city in developing a Project Mitigation Plan
as required under the Fish and Wildlife Coordination Act. As a
result we met with WGFD and USFWS personnel on November 2, 1992
to discuss previous studies which had been completed by the WGFD
concerning fisheries and terrestrial impacts and mitigation. The
primary purpose for this meeting was to determine if the previous
investigations would be adequate to serve as the basis for the
Mitigation Plan or if additional studies would be required. It
was the consensus at this meeting that the previous studies
should be sufficient.

In a study completed by the WGFD in January, 1989, it was
determined that a total of 4 acres cf wetlands would be affected
and a total of 23.7 acres of riparian habitat would be impacted
by reservoir construction. The report went on to recommend that
a mitigation site should contain approximately 7% of willow/wet
meadow, 13% of bottomland grassland with the balance in native
riparian vegetation. It was further recommended that the
mitigation should be accomplished adjacent to the impacted site
preferably along Sourdough Creek immediately upstream from the
high water line of the reservoir.

It was agreed at the 11-2-92 meeting that it would be best if we
could mitigate on-site and that building small dikes at the
upstream portions of the reservoir might be suitable for
mitigation of the impacted vegetation. This will be confirmed
during the 1993 field season and discussed with USFS personnel
concerning the ability to mitigate on-site.

Concerning fishery maintenance flows, SWWRC has met on numerous
occasions with WGFD personnel regarding those minimum flows which
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the project could provide without severely impacting the total
storage requirement and available water supplies. The following
maintenance and minimum flows have been agreed to with Fish Division
personnel and the reservoi- operation hydrologic model reflects
these flows:

Location Minimum Maintenance Flows
Below the Dam & Reservoir 6.8 cfs
Above the City's Existing Diversion 7.9 cfs

Guaranteed Minimum Flows
Below the City's Existing Diversion 6.0 cfs

If you or Ken should have any questions regarding this
information, please contact me.

Sincerely,

Michael T. O'Grady,
Vice President

cc: Ken Gross, City of Buffalo
Steve Tessman, WGFD
Tom Annear, WGFD
Art Anderson, USFWS
Steve Brockman, USFWS
Paul Beels, USFS
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Addendum
Correction notes on end of segment 2, irrigation diversion depletions.
Table 14, Page 11, the irrigation diversion depletions should be 57.35 rather than 58.35.

This will short the average monthly available flow for May, June and July by 1 cfs.

Correction notes on end of segment 2, July data, for Driest Year and Driest Months.

Table 14, Page 11, the irrigation diversion depletions for the driest year and driest months
during July should be 57.35 rather than 0.00. This will result in an available amount of a
negative -8.30 rather than 49.05 cfs.

Figures 8 and 9, Page 17, the July Driest Year Flows and Driest Months Flows should be
zero.

Table 27, Page 18, the Driest Month Flow for July should be 0.00 rather than 49.05 and
July Excess should be 0.00 rather than 1,478.82.

This will not affect the average monthly available flow.
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